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Introduction 


National Semiconductor’s F100K 300 Series ECL 
Databook has been prepared to assist the experi- 
enced ECL designer as well as the first time ECL 
designer in everything from selecting the right logic 
function to using the proper termination technique in 
your design. 


The 300 Series is designed to be an affordable high- 
performance logic family ideal for applications oper- 
ating at frequencies above 50 MHz. F100K is still the 
favorite ECL technology for most high-end comput- 
er, telecommunication and test applications. The 
300 Series is a much needed upgrade for these us- 
ers. New users are also reaping the many benefits of 
the 300 Series. This family is designed to interface 
easily with other technologies as the types of sys- 
tems mixing TTL, CMOS, and ECL expands. To as- 
sist designers with this multiple technology interface, 
the 300 Series offers a wide selection of translators, 
the ease and convenience of operation from +5V, 
and the availability of smaller, inexpensive, plastic 
packaging. 

This Databook is designed to be an easy to use ref- 
erence guide. Included are complete DC and AC 
characteristics for all package types (PCC, SOIC, 
PDIP, CDIP and CERPAK) and temperature ranges 
(commercial, industrial and military) with AC accura- 
cy down to 10 ps. Device selection guides, circuit 
design basics, transmission line concepts, power 
distribution, thermal considerations and testing tech- 
niques are all discussed in detail to help in designing 
with ECL. A qualification guide is also included to aid 
in qualifying the 300 Series for use in your applica- 
tion. 


A number of application notes, covering a wide 
range of subjects is included in this Handbook. 
These application notes cover such subjects as ECL 
backplanes and operating ECL from a positive +5V 
power supply. For more specific application assist- 
ance, please contact our applications staff at 
1-800-341-0392. 


F100K Data Book 


Product Index and Selection Guide 


The Product Index is a numerical list of all device 
types contained in this book. The Selection Guide 
groups the products by function and by family. 


Section 1 Family Overview 


Discusses F100K 300 Series design philosophy and 
actualization. Summarizes the key 300 Series family 
features and advantages in high speed systems. 
Highlights the recent enhancements made in plastic 
packaging (SOIC, PDIP), and an updated Military Ap- 
plications section. 


Section 2 F100K 200 and 300 Series 
Datasheets 

Contains individual datasheets for the F100K 300 
Series family devices. Also included is a datasheet 
on the first single-gate 200 Series device, the 
100201. 


Section 3 F100K 100 Series Datasheets . .3-1 


The F100K 100 Series family of devices have been 
obsoleted. This section contains “reference only” 
individual data sheets for those F100K 100 Series 
devices that were not redesigned as part of the 300 
Series family. For example, a 100101 was rede- 
signed as a 100301; therefore the 100101 datasheet 
will not appear in this databook. On the other hand, 
the 100118 was not redesigned and has been obso- 
leted. It’s datasheet is printed in this section to be 
referred to in the event the device is currently being 
used in a system. The devices in this section will be 
unavailable for future purchases. 


Section 4 11C Datasheets 


The 11C family of devices have been obsoleted. 
This section contains “reference only” individual da- 
tasheets to be referred to in the event the devices 
are currently being used in a system. The devices in 
this section will be unavailable for future purchases. 


F100K Design Guide and 
Application Notes—Section 5 


Chapter 1 Circuit Basics 


Discusses internal circuitry and logic function forma- 
tion. Also, a sample analysis of noise margins is out- 
lined. 


Chapter 2 Logic Design 


Features brief applications of F100K logic arranged 
according to function. 
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Introduction 


Chapter 3 Transmission Line Concepts .5-19 
Reviews the concepts of characteristic impedance 
and propagation delay and discusses termination, 
mismatch, reflections and associated waveforms. 


Chapter 4 System Considerations 

Extends the transmission line approach to the spe- 
cific configurations, signal levels and parameter val- 
ues of ECL. Various methods of driving and termi- 
nating signal lines are discussed. 


chapter 5 Power Distribution and 

Thermal Considerations 
Discusses power supply, decoupling and system 
cooling requirements. 


Chapter6 Testing Techniques 


Discusses various methods and techniques used in 
testing ECL devices (intended for those concerned 
with customer incoming inspection). Also includes a 
section on Electrostatic Discharge, what is ESD and 
how we perform our ESD Classification testing. 


Chapter 7 300 Series Package 
Qualification 


Discusses the details of the 300 Series family pack- 
age qualification. Describes the process used in 
qualifying the family along with supplying the sum- 
marized data. 


Chapter8 Quality Assurance 

and Reliability 
Reviews the quality and reliability programs currently 
in use. 


Application Notes 


Contains several application notes on designing high 
speed systems using ECL. 


Section6 Ordering Information and 

Package Outlines 
Functional description of the ordering codes. Pack- 
age outlines of all the options available to the 300 
Series family. Tape and reel dimensions and specifi- 
cations for the plastic packages (PCC and SOIC). 





Alpha-Numeric Index 


11001 Dual Input OR/NOR Gate 

11C05 1 GHz Divide-by-Four Counter 

11C06 750 MHz D-Type Flip-Flop 

11070 Master-Slave D-Type Flip-Flop 

11C90 650 MHz Prescaler 

11C91 650 MHz Prescaler 

100117 Triple 2-Wide OA/OAI Gate 

100118 5-Wide 5-4-4-4-2 OA/OAI Gate 

100126 9-Bit Backplane Driver 

100130 Triple D Latch 

100135 Triple JK Flip-Flop 

100142 4 x 4 Content Addressable Memory 
100156 Mask/Merge Latch 

100158 8-Bit Shift Matrix 

100165 Universal Priority Encoder 

100166 9-Bit Comparator 

100175 Quint 100K-to-10K Latch 

100179 Carry Lookahead Generator 

100180 High-Speed 6-Bit Adder 

100181 4-Bit Binary/BCD ALU 

100182 9-Bit Wallace Tree Adder 

100183 2 x 8-Bit Recode Multiplier 

100201 Low Power 2-Input OR/NOR Gate/Inverter 
100250 Quint Full Duplex Line Transceiver 

100301 Low Power Triple 5-Input OR/NOR Gate 
100302 Low Power Quint 2-Input OR/NOR Gate 
100304 Low Power Quint AND/NAND Gate 
100307 Low Power Quint Exclusive OR/NOR Gate 
100310 Low Skew 2:8 Differential Clock Driver 
100311 Low Skew 9-Bit Clock Driver 

100313 Low Power Quad Driver 

100314 Low Power Quint Differential Line Receiver 
100315 Low Skew Quad Clock Driver 

100316 Low Power Quad Differential Line Driver with Cut-Off 
100319 Low Power Hex Line Driver with Cut-Off 
100321 Low Power 9-Bit Inverter 

100322 Low Power 9-Bit Buffer 

100323 Low Power Hex Bus Driver 

100324 Low Power Hex TTL-to-ECL Translator 
100325 Low Power Hex ECL-to-TTL Translator 
100328 Low Power Octal ECL/TTL Bidirectional Translator with Latch 
100329 Low Power Octal ECL/TTL Bidirectional Translator with Register 
100331 Low Power Triple D Flip-Flop 

100336 Low Power 4-Stage Counter/Shift Register 
100341 Low Power 8-Bit Shift Register 

100343 Low Power Octal Register 

100344 Low Power Octal Latch with Cutoff Drivers 
100350 Low Power Hex D Latch 

100351 Low Power Hex D Flip-Flop 

100352 Low Power Octal Buffer with Cutoff Drivers 
100353 Low Power Octal Latch 

100354 Low Power Octal Register with Cutoff Drivers 





Alpha-Numeric Index continues 


100355 Low Power Quad Multiplexer/Latch 

100360 Low Power Dual Parity Checker/Generator 

100363 Low Power Dual 8-Input Multiplexer 

100364 Low Power 16-Input Multiplexer 

100370 Low Power Universal Demultiplexer/Decoder 

100371 Low Power Triple 4-Input Multiplexer 

100389 Single Supply Hex CMOS-to-ECL Translator with Cutoff Drivers 
100390 Low Power Single Supply Hex ECL-to-TTL Translator 

100391 Single Supply Hex TTL-to-ECL Translator 

100392 Single Supply Quint TTL-to-ECL Translator with Cutoff Drivers 
100393 Low Power 9-Bit ECL-to-TTL Translator with Latch 

100395 Low Power 9-Bit ECL-to-TTL Translator with Register 

100397 Quad Differential ECL/TTL Translating Transceiver with Latch 
100398 Quad Differential ECL/TTL Translating Transceiver with Latch 
AN-682 Terminating F100K ECL Inputs 

AN-683 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 

AN-684 F100336 Four Stage Counter/Shift Register 

AN-768 ECL Backplane Design 

AN-780 Operating ECL From a Single Positive Supply 

AN-784 F100K ECL Dual Rail Translators 

AN-817 ECL Clock Drivers 
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Function 


OR/NOR Exclusive OR/NOR 


Low Power 2-Input OR/NOR Gate/Inverter 
Low Power Triple 5-Input OR/NOR 

Low Power Quint 2-Input OR/NOR 

Low Power Quint Exclusive OR/NOR 


AND/NAND 
Low Power Quint 2-Input AND/NAND 


Flip-Flops 
Function 


Low Power Triple D Flip-Flop 
Low Power Hex D Flip-Flop 





Function 


100350 
100355 
100343 
100344 


Low Power Hex D Latch 

Low Power Quad 2-Input Mux/Latch 

Low Power 8-Bit Latch 

Low Power 8-Bit Latch w/Cutoff 
Drivers and 252 Drive 


100331 
~ 100351 


Inputs/ 
Gate 


100201 
100301 
100302 
100307 


100304 


Clock Direct 
Edge Clear 


Single-ended 
Single-ended 
Single-ended 
Single-ended 


Multiplexers/ Demultiplexers/ Decoders 


Function 


Multiplexers/Decoders/Demultiplexers 
Low Power Quad 2-Input Mux/Latch 

Low Power Dual 8-Input 

Low Power 16-Input 

Low Power Triple 4-Input 
Decoders/Demultiplexers 


Low Power Dual 1-of-4/Single 1-of-8 


100355 
100363 
100364 
100371 


100370 


vii 


2(L) 


4(L) 


2(L) & 2(L) 


a Yes Yes 
oa No Yes 


Enable 
Inputs 


Differential 
Differential 
Single-ended 
Single-ended 


Single-ended 
Single-ended 
Single-ended 
Single-ended 


Single-ended 


Outputs 


Differential 
Differential 


Direct 
Clear 


Outputs 


Differential 
Single-ended 
Single-ended 

Differential 


Single-ended 
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Registers/Shift Registers 


Function 


Registers 


Low Power 8-Bit Register 
Low Power 8-Bit Register w/Cutoff 
Drivers and 252 Drive 


Shift Registers 


Low Power 4-Bit Bidirectional Shift Register 
Low Power 8-Bit Shift Register 


Buffers/Drivers/Receivers 


Function 


Buffers/Inverters 


Low Power 9-Bit Inverter 
Low Power 9-Bit Buffer 
Low Power 8-Bit Buffer 


Drivers/Bus Drivers 


Low Power Quad Line Driver 
Low Power Hex Bus Driver 
Low Power Quad Line Driver 
Low Power Hex Line Driver 


Receivers/Transceivers 
Low Power Quint Differential Line Receiver 


Counter 


Function 


Low Power 4-Bit Binary Counter 


Arithmetic Operator 


Function 


100353 
100354 


100336 
100341 


100321 
100322 
100352 


100313 
100323 
100316 
100319 


100314 


Device 


Low Power Dual 9-Bit Parity Checker/Generator 


Clock Drivers 


Function 


Single-ended 
Single-ended 
Single-ended 


Single-ended 

Single-ended 

Single-ended 
Differential 


Differential 


Parallel 
Entry 


Single-ended 
Single-ended 


Single-ended 
Single-ended 


Single-ended 
Single-ended 
Single-ended 


Differential 


Single-ended 


Differential 
Differential 


Differential 


Reset 


Sync/Async 


100360 


Outputs 


Single-ended 
Single-ended 


Differential 
Single-ended 


Output 
Cut-off 


Up/Down 


Features 


Expandable 


Differential 


Single-ended 
Clock 
oa fat 


Low Power 2 to 8 Clock Driver 
Low Skew 1 to 9 Clock Driver 
Low Skew Quad Clock Driver 


100311 
100315 





viii 


Dual Supply Translators 


Features | 100324 | 100325 | 100328 | tose | ro0ses | 100395 | 100397 | 100308 
Data Bits 6 6 8 8 9 9 4 


ECL-to-TTL 
TTL-to-ECL 

Flow-Thru 

Latched 

Registered 

ECL Differential Input 
ECL Differential Output 
ECL Output Drive (9) 
ECL Cutoff (Hi Z) 

TTL Output Drive (mA) (loL/lon) 
TTL TRI-STATE® 

ECL Control Pins 

TTL Control Pins 

TPD E to T (ns Max) 
TPD T to E (ns Max) 
lee (mA Max) 

lee (mA Max) (Cutoff) 
loc (mA Max) 


8PIND UO!HI9/9S ONPOld 199 


1Vgp provided for Single-ended Operation 


- Single Supply Translators 
Features 100389 


Data Bits 

ECL-to-TTL 
TTL-to-ECL 
CMOS-to-ECL 

ECL Differential Input 
ECL Differential Output 
ECL Output Drive (Q) 
ECL Cutoff (Hi Z) 

TTL Output Drive (mA) (loL/lor) 
TTL TRI-STATE® 

TTL Control Pins 
CMOS Control Pins 
TPD E to T (ns Max) 
TPD T to E (ns Max) 
TPD C to E (ns Max) 
lee (mA Max) (Cutoff) 
loc (MA Max) 


2Vgp provided for Single-ended Operation 
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ECL Package Selection Guide 


Device 24-Lead - 24-Lead 24-Lead 24-Lead 28-Lead 16-Lead 
CDIP PDIP QFP SOIC PCC SOIC 
xX xX 


100301 
100302 
100304 
100307 
100310 
100311 
100313 
100314 
100315 
100316 
100319 
100321 
100322 
100323 
100324 
100325 
100328 
100329 
100331 
100336 
100341 
100343 
100344 
100350 
100351 
100352 
100353 
100354 
100355 
100360 
100363 
100364 
100370 
100371 
100389 
100390 
100391 
100392 
100393 
100395 
100397 
100398 


x KKK KK KK 
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x 
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Product Status Definitions 


Definition of Terms 


Data Sheet Identification Product Status Definition 
Advance Information Formative or This data sheet contains the design specifications for product 
In Design development. Specifications may change in any manner without notice. 
Preliminary First This data sheet contains preliminary data, and supplementary data will 
Production be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


No Full This data sheet contains final specifications. National Semiconductor 
Identification Production Corporation reserves the right to make changes at any time without 
‘Noted notice in order to improve design and supply the best possible product. 


Obsolete a Not In Production This data sheet contains specifications on a product that has been 
discontinued by National Semiconductor Corporation. The data sheet 
is printed for reference information only. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Introduction 


Precious few alternatives available offer the performance of 
ECL. Most designers recognize the advantages offered by 
ECL in high speed systems extend beyond just quick switch- 
ing times. However, the use of ECL has been somewhat 
limited to those applications concerned with high speed and 
often little more. These applications usually had extravagant 
cooling systems and massive power sources to keep the 
signal moving. Rapid advancements in microprocessors and 
high resolution video equipment are now beginning to push 
preferred TTL and CMOS technologies to their limits. The 
need for functions with ECL-like speeds without ECL-like 
power for use in smaller but increasingly powerful systems 
is growing rapidly. 

The problems with working with high speed systems are 
beginning to migrate downward from supercomputers to 
workstations as the performance of workstations moves up- 
ward. The benefits of using ECL in high-end applications 
have long been recognized by those designers familiar with 
it. Low propagation delays with moderate edge rates, negli- 
gible noise and ground bounce, constant power consump- 
tion over frequency and the ability to drive low impedance 
transmission lines have combined to make ECL the pre- 
ferred technology for designers who have had previous ex- 
perience with it. However, the majority of designers never 
had to consider ECL, until now. The increasing availability of 
high speed microprocessors is driving the need for faster 
busses and more accurate clocking. 


ECL still has its drawbacks, but recent technological ad- 
vances have made ECL a much more appealing and usable 
technology. With the growing need for high speed signal 
distribution, ECL is beginning to move more into high per- 
formance backplanes. Designers like and require the high 
speed, differential outputs, low impedance drive and trans- 
mission line-like characteristics of ECL. ECL is also being 
used increasingly in clock distribution trees because of its 
speed and inherently low skew. High resolution video graph- 
ics terminals with a display resolution of 1024 x 1024 pixels 
require a bandwidth of over 80 MHz, not an easy task for 
CMOS or TTL but well within the range of ECL. Broadband 
communication systems are also using a great deal of ECL 
as fiber optic data transfer moves into greater utilization. 


National Semiconductor introduced the F100K 300 Series 
to allow ECL to be more usable in today’s high performance 
systems. In developing this new family, much emphasis was 
placed on power, space and cost reductions. The 300 Se- 
ries was designed to interact with other technologies, not to 
replace them. Many new designs are attempting to optimize 
the most efficient mix of speed, power and price with ECL, 
CMOS and TTL all working together. ECL will handle the 
speed critical applications, CMOS functions would keep the 
overall system power low and TTL would be included to 
keep costs down. The performance, power, packaging 


and functionality of the 300 Series make this family ideal for 
those applications operating above 50 MHz. 


Much of what the 300 Series has evolved into, is a compila- 
tion of inputs received from designers who could not use the 
older F100K 100 Series for various reasons. This resulted in 
parts with lower operating power, significantly improved 
ESD protection, plastic surface mount packaging, additional 
AC testing including skew, easy interface with other technol- 
Ogies and increased functionality. This section will go into 
much greater detail about ECL and the evolution of the 300 
Series. 


F100K Design Philosophy 


F100K was designed to meet four key requirements: high 
speed at reduced power, high level of on-chip integration, 
flexible logic functions, and optimum I/O pin assignment. 


Subnanosecond Gate Delays 


The subnanosecond internal gate delays of Fi00K 100 Se- 
ries were obtained by the use of ECL design techniques and 
the advanced Isoplanar-Z process. Many circuit approaches 
were carefully considered prior to selecting the optimum 
gate configuation for the F100K family. The emitter-follower 
current-switch (E2CL) and current-mode logic (CML) gates 
were eliminated mainly because of poor capacitive drive 
and lack of output wired-OR capability; the CML gate has 
low noise margins. The 2-14D, EFL, DCTTL and hysteresis 
gates were eliminated due to the lack of simultaneous com- 
plementary outputs along with difficult temperature and volt- 
age compensation characteristics that lead to the loss of 
system noise immunity. 


The choice narrowed down to the current-switch emitter-fol- 

lower ECL gate which offers the following characteristics: 

e High fan-out capability 

e Simultaneous complementary outputs 

e Excellent AC characteristics 

© Compatibility with existing ECL logic and memories 

¢ Internal series gating capability 

© Good noise immunity 

e Amenable full compensation and extended temperature 
characteristics 

e External wired-OR capability 

In order to ease drive requirements all circuit inputs were 

designed to have similar loading characteristics; i.e., buffers 

are incorporated where an input pin would normally drive 

more than one on-chip gate. The on-chip delay incurred by 

buffering is less than the system delay caused by an output 

which drives a capacitance of higher than three unit loads. 

Full compensation was selected for the F100K Family to 

provide improved switching characteristics. Full compensa- 

tion results in relatively constant signal levels and thresh- 
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olds and in improved noise margins over temperature and 
voltage variations from chip to chip, and thus a tighter AC 
window in the system environment. A comparison of fully 
compensated ECL to conventional ECL shows a 2:1 im- 
provement in system AC performance due solely to full 
compensation (Figure 1-1). And, the improved speed has 
been achieved at reduced power. Power reduction is ac- 
complished by the use of advanced process technology that 
reduces parasitic capacitances and improves tolerances, by 
optimum circuit designs using series gating and collector 
and emitter dotting, and by designing for the use of a —4.5V 
Vee power supply. Fi00K 100 Series is specified at a Vee 
power supply of —4.2V to —4.8V, but a —5.2V +10% pow- 
er supply can be used to interface with 2 ns ECL families. 


Vee= —4.5V7% ———FULLY COMPENSATED 
Vit = -2.0 V=10% == =UNCOMPENSATED 
To = 50°C + 25°C 


PROPAGATION DELAY — ns 


UNIT LOAD 
TL/F/9908-1 


FIGURE 1-1. Comparison of Propagation Delays 
High On-Chip Integration 
Higher on-chip integration is made possible by using the 24- 
pin package to increase the number of signal pins by 62% 
over the conventional 16-pin package. The emphasis in 
F100K is to minimize the number of SSI functions and maxi- 
mize the use of MSI and LSI to reduce wiring delays and 
thus make more efficient use of the fast on-chip switching 
technology. Only 10 SSI functions are needed to serve the 
system needs presently requiring 25 functions in the ECL 
10K family. : 


Flexibility and Pin Assignment 


F100K was planned to minimize to total number of logic 
functions by increasing the flexibility of each function and by 
making use of more I/O pins. Since next-generation system 
performance and ease of system designs are major F100K 
goals, pin assignment is important and was planned to mini- 
mize crosstalk, noise coupling and feedthrough, to facilitate 
OR-ties and to ease power-bus routing. Some of the key 
considerations in selecting the F100K pin assignments 
were: 


¢ Locate power pins in the center on opposite sides of the 
DIP package to ease system design and to provide low- 
inductance connections to the chip. 

¢ Provide two Vcc pins, one for the internal circuit and one 
for the output buffers, to minimize noise coupling. 

¢ Locate inverting outputs of logically independent gates 
adjacent to each other. This provides the ability to wire 
AND-OR-Invert functions with ease. 


¢ When feasible, mode control pins are used to create mul- 
tipurpose devices. 


300 Series Design Philosophy 


F100K 300 Series was designed to improve several per- 
formance parameters while still maintaining the speed and 
functionality requirements of the original F100K family. 
These new improvements enable 300 Series to be used in 
an even broader range of applications. 


Most importantly, 300 Series products all meet F100K’s op- 
timized speeds and edge rates, while consuming up to 50% 
less power. These lower power designs, combined with the 
manufacturability of the FAST-LSI process (see Process 
Technology), enabled the 300 Series line to be reliably 
packaged in plastic leaded chip carrier (PCC) packages. A 
graph is shown comparing the power consumption of the 
F100124 and F100324 vs. supply voltage (Figure 1-2). In 
addition, 300 Series is designed with a more stable voltage 
reference network, providing a single set of DC specifica- 
tions across a wider supply voltage range (—4.2V to 
—5.7V), easing the design of 300 Series into systems which 
use —5.2V power supplies. Also, 300 Series products have 
been designed to comply with all MIL-STD-883C require- 
ments, including operation over the full military temperature 
range of —55°C to + 125°C. Finally, electrostatic discharge 
(ESD) protection diodes have been added to both input and 
output circuitry, guaranteeing a minimum of 2000V ESD pro- 
tection for all 300 Series products. 


Several new circuits were utilized to achieve the perform- 
ance improvements. The stabilized DC characteristics 
across the —4.2V to —5.7V power supply range are 
achieved through use of an improved reference network 
(Figure 1-3). This network replaces a resistor with a PNP 
transistor (Q3). The collector-emitter voltage of Q3 varies 
with Vcc, allowing the voltage at the base of Qg to remain 
constant as Vcc varies. This, in turn, stabilizes both Vag 
and Vcs, so that as Veg varies from —4.2V to —5.7V, Vep 
varies no more than 15 mV-20 mV. (Variation of Vgp in 
F100K 100 Series products over this same voltage range 
can be as much as 70 mV-80 mV). The improved stability 
of 300 Series vs. Vcc is reflected in the single set of DC 1/0 
specifications guaranteed across this wider voltage range. 
These specifications are identical to the F100K 100 Series 
specifications listed at —4.5V. As shown in Figure 1-4, they 
increase minimum noise margins guaranteed by 300 Series 
to 140 mV. 
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FIGURE 1-2. 300 Series Power Reduction 
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TL/F/9908-18 
FIGURE 1-3. 300 Series Reference Network 


-870mV Voy max Voy max = 870 m¥ 
Vou min = 1025 
-1035 Vou min 


VNH 


Vin min 
Vin min = 1165 


Vep = 1320 


Vin max = 1475 


-1605 
Vo, max = 1620 


=1830 Vo_ min = 1830 
TL/F/9908-19 
100 Series Logic VnH = Vou Min — Vin Min 300 Series Logic 
Vn = 115 mV Vn = Vir Max — Vor Max VnH = 140 mV 


VNL = 115 mV VnL = 145 mV 
Vee = —4.2V to —4.8V Vee = —4.2V to —5.7V 


FIGURE 1-4. 300 Series Noise Margins 





Family Overview 


All 300 Series products are designed to operate over the full 
military temperature range. To achieve this, internal voltage 
swings were increased to guardband against transistor satu- 
ration at temperature extremes. The faster transistor 
speeds offered by the FAST-LSI process compensated for 
the increased delays introduced by the wider voltage 
swings. Some of the more complex products utilize multi- 
level series gating to achieve higher levels of logic complex- 
ity at while reducing gate delays and power consumption. 
These products employ a Widlar Current Sink (Figure 1-5) to 
compensate for Vp shifts at — 55°C. In this circuit, the emit- 
ter resistor is removed from the current source (Qj), provid- 
ing more voltage headroom at lower temperatures, and 
avoiding saturation of the current source at —55°C. A sec- 
ond transistor (Q2), driven by a voltage biased at Vcg + 
Vee; provides Vcg at its emitter to drive the current source. 
This minimizes power by reducing the loading on the refer- 
ence generator. A temperature-compensated current mirror 
(Q3) is employed to control the base voltage of the current 
source so that it doesn’t move regardless of Veg or temper- 
ature changes. 


Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs (Figure 1-6) specifically in the cir- 
cuit paths that were most prone to ESD damage on F100K 
100 Series products: input-to-Vc¢c, input-to-Veg, and output- 
to-Vcoc. These diodes (D;, Do, and Dg) are utilized to shunt 
the current caused by an ESD voltage pulse away from ei- 
ther the input or output circuitry. Depending on the polarity 
of the ESD voltage, the diodes either become forward-bi- 
ased, directing the current into the supply, or go into reverse 
breakdown, directing the current into the substrate. Either 
way, the ESD-caused current is shunted away from the in- 
put and output transistors, avoiding damage to the circuitry. 
The diodes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro- 
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product’s input capacitance. 
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FIGURE 1-5. 300 Series Widlar Current Sink 
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FIGURE 1-6. 300 Series ESD Protection Diodes 





Process Technology 


FAST-LSI Process 


The 300 Series family is fabricated using an advanced iso- 
planar technology called FAST-LSI. The FAST-LSI process 
is similar to FAST-Z, but also includes many improvements 
which enhance performance, manufacturability, and reliabili- 
ty. Metal alignments have been tightened, shortening the 
distance between base and emitter contacts. This reduces 
the base capacitance, giving Frs of 8 GHz vs 5 GHz for 
FAST-Z. Parasitic capacitances are also reduced, allowing 
products to be designed with lower power consumption. 


The FAST-LSI process implements wafer planarization 
techniques to smooth the interconnect metal transitions, 
significantly reducing thermal stresses on the die when en- 
capsulated in molded plastic packaging. In addition, these 
planarization techniques increase metal step coverage to 
typically 65% for first level metal and 75% for second level 
metal. Increased metal thicknesses over a step improve 
current density performance and circuit reliability. First layer 
metal step coverage is improved by the addition of bird’s 
head planarization after the oxide isolation process. Second 
layer metal step coverage improvements are provided by a 
technique known as spun-on-glass, an interlayer dielectric 
planarization. 


FAST-LSI is a fully ion-implanted process, providing more 
precise control over doping profiles. This not only improves 
device performance, but also allows tighter manufacturing 
tolerances on transistor gains and resistor values. These 
tighter tolerances were exploited in the design of F100K 
300 Series to meet the same-speed, half-power targets for 
the product line. The field oxide in FAST-LSI is doped (vs. 
undoped in FAST-Z). This lowers current leakage even fur- 


ther while still maintaining the walled emitter structures fea- 
tured in FAST-Z. 


The metal structure of FAST-LSI is also improved. Platinum- 
silicide is used to provide ohmic contacts to N+ and P+ 
regions, as well as Schottky diode contacts to N— regions. 
The Schottky diodes are used in the design of the high-per- 
formance TTL output stages in the 300 Series ECL-TTL lev- 
el translators. A titanium-tungsten layer is utilized as a diffu- 
sion barrier against aluminum migration into the underlying 
silicon. Finally, both first and second layer metal use a cop- 
per-doped aluminum metalization which enhances reliability 
by providing a high resistance to electromigration. 
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Compensation Network 


The heart of F100K is fully compensatea ECL.’ The basic 
gate consists of three blocks—the current switch, the output 
emitter-followers, and the reference or bias network (Figure 
7-7). The current switch allows both conjunctive and dis- 
junctive logic. The output emitter-followers provide high 
drive capability through impedance transformation and al- 
lows for increased logic swing. The bias network sets DC 
thresholds and current-source bias voltages. Temperature 
compensation at the gate output is achieved by incorporat- 
ing a cross-connect branch between the complementary 
collector nodes of the current switch and driving the current 
source with a temperature insensitive bias network2 
(Figure 1-8). 


Vcc 





TL/F/9908-8 
FIGURE 1-8. Temperature Compensation 


As junction temperature increases and the forward base- 
emitter voltage of the output emitter-follower decreases, the 
collector node of the current switch must become more 
negative. Since the current-source bias voltage, Vcs, is in- 
dependent of temperature, the switch curent increases with 
temperature due to the temperature dependence of Vggc. 
The combination of temperature controlled current, Ie, and 
the cross-connect branch current, lx, forces the proper tem- 
perature coefficient at the collector node of the current 
switch to null out the VgEo tracking coefficient.3 
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FIGURE 1-7. ECL Gate 





MAIAIBAG Ajiwe4 





Family Overview 


The schematic for the reference network displays a Vee, 
amplifier in the bottom left corner (Figure 1-9). Two base- 
emitter junctions are operated at different current densities, 
J1 and J2. The resulting voltage difference, Vgc; minus 
Vee2, appears across R1 and is amplified by the ratio R2/ 
R1. Note that R2 is used twice, once to generate Vos and 
once to generate Vgp. The different current densities, J1 
and J2, result in a positive temperature tracking coefficient 
across R2, which cancels the negative diode-tracking coeffi- 
cient of Vge3 and Vge4. The Vcs and the Vgp thus generat- 
ed are temperature insensitive at the extrapolated bandgap 
voltage of silicon’, 2 (approximately 1300 mvV).4 R, in the 
Vee amplifier compensates for process variations of B and 
AVpe.° Voltage regulation is achieved through a shunt regu- 
lator shown at the right side of the schematic. 


TL/F/9908-9 
FIGURE 1-9. Reference Network 


Characteristics 


F100K compatibility with existing ECL logic families and 
memories permit direct interface with slower logic families 
and ensures immediate memory availability. The typical log- 
ic swing is 800 mV (Figure 1-10) and all voltage levels are 


Vou (min) 
(— 1025 mV) 


CORNER 
POINT Vonc 
{-—1035 mV) 


CORNER 
POINT Voice 
ijj2 (- 1810 mV) 


Vor (max) 
(- 1620 mV) 


Vout — OUTPUT VOLTAGE — V 


Vir(max) = Vin (min) = Viy (max) 
(—1810 mV) (-1475 mV) (— 1165 mV) (~—880 mV) 


Vin — INPUT VOLTAGE — V 


TL/F/9908-10 
FIGURE 1-10. Transfer Characteristics 


specified with a 509 load to —2V at all outputs to provide 
transmission line drive capability. However, the inherently 
low output impedance (Figure 1-71) and maximum specified 
output current, 50 mA, make 252 drive possible at any or all 
outputs. Alternately, of course, higher termination imped- 
ances or other termination schemes are also useful. 


F100K exhibits relatively constant output levels and thresh- 
olds over the 0°C to +85°C specified temperature range 
and —4.2V to —4.8V specified voltage range (Figure 1-12). 
Vee power supply current is also constant over the specified 
voltage range (Figure 1-13); therefore: 
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- 35 
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Vout — OUTPUT VOLTAGE — V 
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FIGURE 1-11. Output Characteristics vs 
Output Terminations 


Fully Compensated ECL (over Veg range) 
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Uncompensated ECL (over Veg range) 
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TL/F/9908-12 


Uncompensated ECL (over temperature) 
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TL/F/9908-13 
Fully Compensated ECL (over temperature) 


Vout — OUTPUT VOLTAGE ~— V 


Tce =0°C TO + 85°C 
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FIGURE 1-12. Transfer Characteristics 


© Propagation delay is relatively constant versus power 
supply voltage variations thus tightening the AC window. 


® Power dissipation is a linear function of the supply volt- 
age, reducing worst-case power consumption. 


The typical propagation delay of an SSI gate function driving 
a 502. transmission line is 0.75 ns, including package, with a 
power dissipation of 40 mW resulting in a speed-power 
product of 30 pJ. For optimized MSI functions, the internal 
gates can dissipate < 10 mW with average propagation de- 
lay of < 0.5 ns, giving a power-speed product of < 5 pJ. 


lee — POWER SUPPLY CURRENT — mA 


-6 -5 -3 -2 
Vee — POWER SUPPLY VOLTAGE — V 
TL/F/9908-16 
FIGURE 1-13. Change in leg vs Change in Veg 


F100K has a tighter AC window over the wide range of envi- 
ronmental conditions; thus, the system timing requirements 
are eased and maximum system clock rates are increased. 
At the sacrifice of AC performance, the small-signal input 
impedance was conservatively designed to be positive-real 
over the frequency range encountered by any circuit input. 
This provides adequate damping to insure AC stability within 
the system. 


Features 


F100K ECL logic components are designed to be used in 
high-speed, low-noise systems and offer significant advan- 
tages over other logic families. Some of the important fea- 
tures and advantages are summarized below. 


Low Propagation Delay 


F100K ECL features gate delays that are typically 0.75 ns 
(750 picoseconds) with counters, registers and flip-flops op- 
erating in the 400-500 MHz range. When compared to oth- 
er logic families such as Schottky TTL or slower ECL fami- 
lies, system performance can be doubled or tripled. Tighter 
AC distribution helps system timing requirements and in- 
creases system clock rates. 


Moderate Edge Rates 


Because of the nature of current mode switching which 
uses differential comparison techniques and avoids transis- 
tor storage delays, rise times can be controlled by internal 
time constants without sacrificing throughout delays. Slower 
rise times minimize ringing and reflections on interconnec- 
tion wiring and simplify physical design. The typical edge 
rate for F100K ECL is 1V/ns, only about 80% of the edge 
rate of Schottky TTL. It can be shown that for ECL circuits, 
the natural rise and fall times are approximately equal to the 
propagation delay. This relationship is considered optimum 
for use in high-speed systems. 
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Family Overview 


Wired-OR Capability 


ECL outputs can be wired together where wiring rules per- 
mit, to form the positive logic-OR function, thus achieving an 
extra level of gating at no parts count expense. Data buss- 
ing and party line operations are facilitated by this features. 


Complementary Outputs 


A majority of F100K ECL logic elements have complemen- 
tary outputs, providing numerous opportunities for reduction 
of package count and power consumption when mechaniz- 
ing logic equations. Further, the system incurs no extra pen- 
alty in time delay since the conplementay: ECL outputs 
switch simultaneously. 


A significant advantage to complementary outputs is that, 
since both the true and complement logic functions are 
available, Icc imbalance can be minimized either by using 
both outputs in the design or merely terminating unused out- 
puts. In this way, the constant current characteristic of ECL 
is not compromised and power supply noise is minimized. 


Low Output Impedance, High Current Capacity 


As operating speeds are increased to achieve the higher 
performance levels demanded of digital systems, ordinary 
wiring begins to exhibit distributed parameter characteris- 
tics, as opposed to a lumped capacitance nature at low 
speeds. 


Characteristic impedances of normal wiring and printed cir- 
cuit interconnections generally fall in the 502 to 2500 
range. With these low impedance lines and fast transitions, 
the signals are attenuated by the voltage divider action be- 
tween the circuit output impedance and the characteristic 
impedance of the interconnection. 


Voltage mode circuits have a HIGH state output impedance 
of from 509 to 1500 and thus exhibit an output stepped 
characteristic, first reaching about 50% of final value and 
later reaching the final value in another step. Fi00K ECL 
output impedances under 102 insure a complete, full val- 
ued, signal into a transmission line. Also, F100K ECL out- 
puts are specified to drive a 500 load (some devices are 
specified to drive a 25/N load). Outputs are capable of sup- 
ply 50 mA or more and can thus support the quiescent cur- 
rent required for passive terminations. 


Convenient Data Transmission 


The complementary high-current outputs of F100K ECL ele- 
ments are well suited for driving twisted pair or other bal- 
anced lines in a differential mode, thereby enhancing field 
cancellation and minimizing crosstalk between subsystems. 


High Common-Mode Noise Rejection 


Differential line receivers provide common-mode noise re- 
jection of 1V or more for induced and ground noise. Differ- 
ential receiving requires less signal swing than single ended 
and thus allows more reliable interpretation of low signal 
swings. 

Constant Supply Current 


The supply current drain of Fi00K ECL elements is gov- 
erned by one or more internal constant current sources sup- 
plying operating current for differential switches and level 
shifting networks. Since the current drain is the same re- 
gardless of the state of the switches, F100K ECL circuits 
present constant currents loads to power supplies (see 
Complementary Outputs). 


Low Power Loss in Stray Capacitance 


Energy is consumed each time a capacitor is charged or 
discharged so the energy loss rate, or power, goes up with 
switching frequency. Since the energy stored in a capacitor 
is proportional to the square of the voltage and F100K ECL 
signal swings are four to five times less than those of TTL, 
power loss in stray capacitance may be an order of magni- 
tude less than that of TTL. 


Low Noise Generation 


In ECL systems, power supply lines are not subjected to the 
large current spikes common with TTL designs. Inherently, 
ECL is a constant current family without the totem-pole 
structures found in TTL circuits which generate the large 
current spikes. Since ECL voltage swings are much smaller 
than TTL, the current spikes caused by charging and dis- 
charging stray capacitances are much smaller with ECL 
than with TTL of comparable edge rates. 


Low Crosstalk 

Induced noise signals are proportional to signal swings and 
edge rates. The lower swing and slower edge rate of F100K 
ECL results in low levels of crosstalk. 


ESD Protection 


The 300 Series is designed with Electrostatic Discharge 
(ESD) protection diodes. The diodes were designed to offer 
a minimum of 2000V (4000V typical) ESD protection on all 
devices. This protection is significantly higher than most 
other ECL families. 


System Benefits 


The National F100K ECL Family offers improvements over 
other ECL families such as voltage and temperature com- 
pensation, higher integration levels, improved packaging, 
planned pinouts, lower propagation delay and more comple- 
mentary outputs. These improvements offer measurable ad- 
vantages to the design(er) of high-performance systems. 


Easier Engineering 


Designers have increased confidence that designs realized 
in F100K will operate with good margins over voltage and 
temperature variations in prototypes, production models 
and field installations. Less effort need be expended doing 
detailed voltage and temperature calculations and testing. 
With noncompensated ECL, noise margins cannot be guar- 
anteed unless both the receiving and transmitting circuit op- 
erate at the same temperature and Veg. This can cause a 
problem when attempting to transfer a breadboard or proto- 
type system to production. 


Since output swings and input thresholds remain almost 
constant over temperature and Vee variations, complex 
control systems for power supply levels and more-than-ad- 
quate cooling are not necessary with F100K. This results in 
a more economical and better operating system. 

Circuit Design 

F100K ECL benefits from sound, well-engineered circuit de- 
signs. All input pins exhibit positive/real input impedance to 
eliminate system oscillations. Input buffering is used to re- 
duce loads on lines which drive multiple internal gates. 
High Performance 

The regulation and control of DC and AC parameters 
achieved by F100K ECL assures that signal timing and 
propagation delays in critical paths are relatively insensitive 





to changes or gradients of temperature and supply voltage. 
Guardbands can be narrower, yet provide a higher degree 
of confidence due to the elimination of skew between output 
levels at one location and input threshold at another. 


The consistency of response and security of noise margins 
permit operation at higher clock rates and thus increase 
system performance. 


Easier Debugging 


With F100K, debugging of systems can proceed more rapid- 
ly than with uncompensated ECL. When a cabinet or enclo- 
sure is opened for access in debugging, the resultant 
change in thermal conditions has almost no effect on 
F100K signal swings, propagation delays, edge rates or 
noise margins. 

Flexibility 

F100K is designed to operate at —4.5V for reduced power 
dissipation. If compatibility with other ECL families is a re- 
quirement, F100K 300 Series guarantees specifications be- 
tween —4.2V and —5.7V due to its improved voltage com- 
pensation features. 

Fan-In/Fan-Out 

All F100K ECL outputs are specified to drive 500 transmis- 
sion lines; this makes them suitable for driving very-high fan- 


out loads. In addition, some F100K outputs are specified to | 


drive 252 lines, which would be the case if a 502 party-line 
bus terminated at both ends were being driven. 


System Design 


F100K ECL was designed to be the ultimate standard pack- 
aged IC logic family. System design constraints were con- 
sidered and the F100K family was designed for overall ease 
of system design and use while making the maximum use of 
the very fast propagation delay available. 


Packaging 


The F100K 300 Series ECL devices are offered in a wide 
variety of package options. The family was initially intro- 
duced with the F100K traditional 24-lead 400 mil wide, ce- 
ramic dual-in-line package (CDIP) and surface mount ce- 
ramic quad CERPAK (CQFP). These ceramic packages 
were needed for the now obsolete F100K 100 Series be- 
cause of their excellent thermal performance. 


The lower operating power of the 300 Series enabled plastic 
packaging to be used without the problem of exceeding the 
tower junction temperature required for those packages. 
The first plastic package to be introduced was the 28-lead 
plastic leaded chip carrier (PCC or PLCC). The four extra 
pins of this package were connected directly to the die pad- 
dle and used to improve the thermal performance. 


A 24-lead plastic dual-in-line package (PDIP) was then intro- 
duced to offer a low cost alternative to the CDIP. The PDIP 
was designed to the same dimensions as the CDIP so that 
the same sockets could be utilized. 


Finally, a 24-lead small outline package (SOIC) was intro- 
duced to round out the package options for the 300 Series. 
This package occupies approximately the same amount of 
board space as the PCC package, however, the package is 
much lower in height and the gull winged leads allow for 
easy visual inspection of solder joints. 


The thermal operation for each of these packages varies 
slightly, for more detailed information please refer to the 
Power Distribution and Thermal considerations and the 
Qualification sections of this book. 


Industrial Applications 


The growing need for high performance logic in increasingly 
harsh environments has been addressed with an industrial 
grade version of the 300 Series ECL family. The industrial 
grade products offer the same high performance as the 
commercial grade products with additional testing conduct- 
ed at — 40°C, for a guaranteed operating temperature range 
of — 40°C to + 85°C. These products are ideal for industrial, 
fiber optic and communication applications which would be 
subjected to an uncontrolled environment. 


Operation over the industrial temperature range is guaran- 
teed by additional AC and DC testing. The DC levels of this 
family have been adjusted to reflect actual operation at 
—40°C (cold start) Figure 1-14 shows the Von, Vep, and 
Vo. Test Specification, the crosshatched area, and the ac- 
tual data points taken on the 100301. These DC levels cor- 
respond to the entire family. 





VOLTAGE (V) 





TEMPERATURE (°C) 
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FIGURE 1-14. DC Level Shift Over Temperature 


The industrial grade products are only offered in an industry 
standard 28-lead PCC (PLCC) package. Additional AC and 
DC characteristic tables have been added to the individual 
device data sheets to specify extended temperature opera- 
tion. Most of the 300 Series functions are available with 
industrial grade processing but check with your local Nation- 
al Semiconductor sales office for availability. 


Military Applications 

With the introduction of National’s F100K ECL 300 Series 
comes the advent of F100K ECL in military applications. 
The special concerns addressed in the 300 Series design 
criteria enables this family to specify operation over the tem- 
perature range of —55°C to +125°C, and to comply fully 
with the requirements of MIL-STD-883. 


As in the commercial world, with military systems becoming 
more complex, speed becomes a major consideration. 
Speeds which are pushing Schottky and CMOS technolo- 
gies to their maximum performance limits, forcing designers 
to look to faster logic technologies. But speed, of course, is 
not the only consideration military designers have to con- 
tend with. Power consumption, package/function size, 
price, ESD susceptibility, radiation tolerance and operation 
in any of a number of harsh environments must be ad- 
dressed by a military system designer, and all have been 
addressed in the design of the F100K 300 Series Family. 
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Family Overview 


The relatively high speed-to-power product of the F100K 
ECL 300 Series Family allows these products to be used in 
a wide variety of applications. As systems begin to strain 
under the 30 MHz—40 MHz limits of some of the more con- 
ventional logic families, the 300 Series with its data rates 
exceeding 100 MHz, becomes a viable solution. The re- 
duced power operation offered by the 300 Series product 
line eliminates the last barriers inhibiting the extensive us- 
age of ECL in battery powered systems. Mixing F100K ECL 
300 Series products with other logic families is also made 
easier with a variety of level translators and a wide operat- 
ing voltage range of —4.2V to —5.7V. 


Among the many other benefits this family offers is full tem- 
perature compensation and high noise immunity. Both of 
these features are extremely important in the environments 
military systems are subjected to, or standards to which 
they must comply. The temperature compensation circuit of 
F100K ECL. ensures stable DC performance over tempera- 
ture changes in the external environment, as well as tem- 
perature fluctuations within a system, or even on one circuit 
board. The high noise immunity provides clean operation 
and few system hiccups due to noise, even when operating 
in a noisy environment. 


Internal Visual Inspection 
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Temperature Cycle 
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Tin Plate 
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Post B/I DC Test 
PDA Calculation 


QA Sample Test 
Subgroups A1, A7 


Standard Process Flow 


In order to meet the strict processing and test requirements 
imposed by MIL-STD-883 and MIL-M-38510, National Semi- 
conductor has developed the process flow shown in Figure 
7-75. National subjects 100% of the F100K 300 Series ECL 
military-compliant products to this flow. All electrical tests 
are performed in compliance with National’s published Ta- 
ble | electrical specifications. Although we make every effort 
to maintain the databook military electrical specifications, 
please contact your loca! sales office or Distributor for the 
current specifications. 


Level S Capabilities 


The most demanding environment for system applications is 
in space. Space systems are exposed to harsh physical and 
environmental conditions which can degrade system per- 
formance or alter functionality. Worse yet, these systems 
must endure this environment for many years with little—if 
any—opportunity for repair. System components must be 
highly reliable in order to meet these lifetime requirements. 


National Semiconductor’s facility in South Portland, Maine, 
has extensive experience in processing space-level prod- 
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Subgroup AQ 

100% DC Test, +125°C 


QA Sample Test 
Subgroup A2, A8A, A10 


Method 1014, Cond. B & C 
Fine Leak 100% 
Gross Leak 100% 


QA Seal Sample (Quadpack only) 
Method 1014, Cond. B& C 
100% DC Test, -55°C 


QA Sample Test 
Subgroup A3, A&B, A11 


100% External Visual 
Method 2009 


QA External Visual Sample 
Method 2009 
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FIGURE 1-15. MIL-STD-883 Process Flow 





ucts. Years of designing, developing, and manufacturing 
space-level components has built an experienced team and 
facility dedicated to meeting the demands of space-level 
component processing. 


DESC Level S-certified Fab, Assembly, and Test areas pro- 
cess JAN Level S-compliant devices as well as customer 
SCD space-level requirements. Flexible process flows for 
SCD requirements allow customers to tailor component pro- 
cessing to system requirements. Full SEM and WLA capa- 
bilities exist to ensure wafer-level compliancy to Level S 
requirements. PIND test, X-ray inspection, and radiation 
testing are performed in-house using dedicated laborato- 
ries. Read and record capability and delta calculations can 
be performed to provide data-to-document derating calcula- 
tions for system life. 


F100K 300 Series ECL is an excellent choice for space sys- 
tem designs with its low power operation, radiation toler- 
ance, and suitability to harsh unregulated environments. To 
discuss your requirements for space system design, please 
contact your local sales office. 


Radiation Capabilities and 
Test Results 


Radiation survivability is a concern for many military, tacti- 
cal, and space system designs. System exposure to man- 
made nuclear events and to naturally-occuring sources of 
radiation can result in transient and/or permanent changes 
to a device’s material and electrical properties. 


Starting at the conceptual stage is the most cost-effective 
approach to designing a radiation-hardened system. Utiliz- 
ing product with inherent radiation tolerance eliminates the 
need for costly shielding. 


National is an industry leader in radiation-resistant products. 
Its Mil/Aero logic Radiation Effects Laboratory (REL) in 
South Portland, Maine, certifies that products are resistant 
to defined levels of radiation. This lab is: 


© Certified by NIST 
e Licensed by the NRC to handle irradiated material 


© Certified by DESC for Lab Suitability, which denotes that 
all testing and data generated is fully recognized and ac- 
ceptable by all government agencies, their contractors, 
and sub-contractors. 


Total dose testing is performed using a step-stressing meth- 
odology with National’s AECL Gamma Cell 220 (Cobalt-60 
source) in compliance with MIL-STD-883 Method 1019.3. 
Flexible process flows meet the needs of strategic, space, 
and tactical applications. Customer SCDs may specify either 
Level S or Level B process flows. Total dose radiation data 
and other data can be supplied with each order, certifying 
radiation resistance as specified in the applicable SCD. 


National's F100K 300 Series ECL has undergone prelimi- 
nary investigation to determine its minimum radiation hard- 
ness level. Total dose irradiation tests have been performed 
on the: 


¢ 100355 Low Power Quad Multiplexer/Latch 
e 100325 Low Power Hex ECL-to-TTL Translator 
Preliminary radiation test results for both devices showed 


no functional failures and no parametric (AC and DC) fail- 
ures up to the 1 Mrad(Si) level. All parametric results were 


within National’s published Table | limits with minimal deltas. 


Please note that these results are preliminary and based on 
limited testing of two device functions. We strongly recom- 


mend that total dose radiation-hardened-assured F100K 
300 Series product be purchased only on a wafer-by-wafer 
basis. 


For more detail about National’s solutions to radiation hard- 
ness assurance, request a copy of National’s Radiation Re- 
sistance Guide from your Distributor or local sales office. 


Definitions of Symbols and Terms 
AC SWITCHING PARAMETERS 


Note: Skew parameter definitions can be found at the end of this section. 


fcount (Count Frequency/Toggle Frequency/Operat- 
ing Frequency): The maximum repetition rate at which 
clock pulses may be applied to sequential circuit. Above this 
frequency the device may cease to function. 


th (Hold Time): The interval immediately following the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which the data to be recognized must be main- 
tained at the input to ensure its continued recognition. 


tpLy (Propagation Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined LOW 
level to the defined HIGH level. 


tpH_ (Propagation Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined HIGH 
level to the defined LOW level. 


tg (Setup Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the data to be recognized must be main- 
tained at the input to ensure its recognition. 


ts (Release Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the master set or reset must be released 
(inactive) to ensure valid data is recognized. 


tri (Transition Time, LOW to HIGH): The time between 
two specified reference points on a waveform which is 
changing from LOW to HIGH. 


trHL (Transition Time, HIGH to LOW): The time between 
two specified reference points on a waveform which is 
changing from HIGH to LOW. 


tow (Pulse Width): The time between 50 percent amplitude 
points on the leading and trailing edges of a pulse. 


tpyz (Output Disable Time of a TRI-STATE® Output 
from High Level): The time between the 1.5V level on the 
input and a voltage 0.3V below the steady state output 
HIGH level with the TRI-STATE output changing from the 
defined HIGH level to a high impedance (OFF) state. 

tp_z (Output Disable Time of a TRI-STATE Output from 
LOW Level): The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 


tpzH (Output Enable Time of a TRI-STATE Output to a 
HIGH Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 


tpz_ (Output Enable Time of a TRI-STATE Output to a 
LOW Level): The time between the 1.5V levels of the input 
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Family Overview 


and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev- 
el. 


CURRENTS 


Positive current is defined as conventional current flow into 
a device lead. Negative current is defined as conventional 
curent flow out of a device lead. 


lee (Power Supply Current): The current required by each 
device from the Vee supply. This value represents only the 
internal current required by the specified device, and does 
not include the current required for loads or terminations. 


ItrL (Supply Current): The current flowing into the Vr 
supply terminal of a circuit with the specified input condi- 
tions and the outputs open. When not specified, input condi- 
tions are chosen to guarantee worst-case operation. 


ly (Input Current HIGH): The current flowing into a device 
lead with the specified Vj} applied to the input. This value 
represents the worst case DC input load that a device pres- 
ents to a driving element. 


lit (Input Current LOW): The current flowing into a device 
lead with the specified Vj applied to the input. 


loy (Output HIGH Current): The current flowing out of the 
output when it is in the HIGH state. For a turned-off open- 
collector output with a specified HIGH output voltage ap- 
plied, the Ioy is the leakage current. 


lo. (Output LOW Current): The current flowing into an out- 
put when it is in the LOW state. 


los (Output Short Circuit Current): The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 


lozy (Output OFF Current HIGH): The current flowing into 
a disable TRI-STATE output with a specified HIGH output 
voltage applied. 


loz_ (Output OFF Current LOW): The current flowing out 
of a disabled TRI-STATE output with a specified LOW out- 
put voltage applied. 


VOLTAGES 


All voltage values are referenced to Vcc (or ground) which 
is the most positive potential in an ECL system. 


Ves (Bias Voltage): The internally generated reference 
voltage which is used to set the input and output threshold 
levels. 


Vcc (Circuit Ground): This is the most positive potential in 
the ECL system and it is used as the reference level for 
other voltages. 


Veca (Separate Circuit Ground): The circuit ground for the 
buffered current switch. Outside the package, the Voc and 
Vcca leads should be connected to the common Vcc distri- 
bution. Internally, the separation of Vcc and Vcca insures 
that any change in load currents during switching does not 
cause a change in Vcc through the small but finite induc- 
tance of the Voca bond wire and package lead. 


Vcs (Current Source Voltage): The internally generated 
potential used to control the level of the active current 
source. 


Veg (Power Supply Voltage): This potential is the system 
power supply voltage and it is the most negative potential in 
the system. : 


Vees (Substrate Veg): These pins (on the PCC package 
only) provide extra thermal conduction paths, therefore re- 
ducing 8454. These pins must be connected to the Veg plane 
or not connected at all. 


Vtrt_ Supply Voltage: The range of the TTL power supply 
voltage over which the device is guaranteed to operate with- 
in the specified limits. 


Vin (Input Voltage HIGH): The range of input voltages that 
represents a logic HIGH level in the system. 


Vin (Max): The most positive Vip. 
Vin (Min): The most negative Viy. This value represents the 
guaranteed input HIGH threshold for the device. 


Vit (Input Voltage LOW): The range of input voltages that 
represents a logic LOW level in the system. 


ViL (Max): The most positive Vj_. This value represents the 
guaranteed input LOW threshold for the device. 

ViL (Min): The most negative Vi. ; 

Von (Output Voltage HIGH): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a HIGH level at the out- 
put. 


Vou (Max): The most positive Voy under the specified input 
and loading conditions. 
VoH (Min): The most negative Voy under the specified input 
and loading conditions. 


Vonc: The output HIGH corner point or guaranteed HIGH 
threshold voltage with the inputs set to their respective 
threshold levels. 


VoL (Output Voltage LOW): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a LOW level at the out- 
put. ; 


VoL (Max): The most positive Vo, under the specified input 
and loading conditions. 


VoL (Min): The most negative Vo, under the specified input 
and loading conditions. 


Votc: The output LOW corner point or guaranteed LOW 
threshold voltage with the inputs set to their respective 
threshold levels. 


Van (HIGH Level Noise Margin): Noise margin between 
the output HIGH level of a driving circuit and the input HIGH 
threshold level of its driven load. A conservative value for 
VNH is the difference between Vonc and Viq (Min)- 


Vn (LOW Level Noise Margin): Noise margin between the 
output LOW level of a driving circuit and the input LOW 
threshold level of its driven load. A conservative value for 
Vn is the difference between Vi_ (max) and Vo_c- 


References 


1. H.H. Muller, W.K. Owens, and P.W.J. Verhofstadt, ‘Fully 
Compensated Emitter-Coupled Logic: Eliminating the 
Drawbacks of Conventional ECL”, /EEE Journal of Solid- 
State Circuits, October 1973, pp. 362-367. 


. R.R. Marley, “On-Chip Temperature Compensation for 
ECL”, Electronic Products, March 1, 1971. 


. V.A. Dhaka, J.E. Muschinske, and W.K. Owens, ‘‘Subna- 
nosecond Emitter-Coupled Logic Gate Circuit Using Iso- 
planar II, /EEE Journal of Solid-State Circuits, October 
1973, pp. 368-372. 


. R.J. Widlar, ‘New Developments in IC Voltage Regula- 
tors”, /SSCC Digital Technical Papers, February 1970, 
pp. 157-159. 

. W.K. Owens, “Temperature Compensated Voltage Regu- 


lator Having Beta Compensating Means”, United States 
Patent, No. 3,731,648, December 25, 1973. 





O Ajwey 


Semiconductor 


ZA National 


M@dIA13A 


Definitions of Output Skew Specifications 


Test Philosophy 

Minimizing output skew is a key design criteria in today’s high-speed clocking schemes. National has incorporated new skew 
specifications into the F100K family of devices. National’s test philosophy is to fully guarantee all the available skew specifica- 
tions in order to help clock designers optimize their clock budgets. 


CLOCK SKEW 
Skew is the variation of propagation delay differences between output clock signal(s). 
Example: 
If signal appears at out #1 in 3 ns and in 4 ns at output #5, the skew is 1 ns. 
CLOCK 
i inpuT: UBER 8 OUTPUTS 


CLOCK _OUT 


CLOCK_IN 


' ' 
SKEW 
DUE TO DELAY 
UNCERTAINTY 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9908-24 
FIGURE 1-16. Clock Output Skew 
Without skew specifications, a designer must approximate timing uncertainties. Skew specifications have been created to help 
clock designers define output propagation delay differences within a given device, duty cycle and device-to-device delay 
differences. 








Family Overview 


SOURCES OF CLOCK SKEW 


Total system clock skew includes intrinsic and extrinsic skew. Intrinsic skew is defined as the differences in delays between the 
outputs of device(s). Extrinsic skew is defined as the differences in trace delays and loading conditions. 


INTRINSIC SKEW EXTRINSIC SKEW 


CLOCK_OUT 


CLOCK_IN SKEW DUE TO 
DEVICE AND TRACE/LOAD DELAYS 


TL/F/9908~25 
FIGURE 1-17. Sources of Clock Skew 


Example: 50 MHz Clock signal distribution on a PC Board. 


50 MHz signals produces 20 ns clock cycles 
Total system skew budget = 10% of clock cycle* = 2ns —> 2ns 
lf extrinsic skew = 1ns —> —1ns 


Device skew (intrinsic skew) must be less than 1 ns! <— 1ns 
*Clock Design Aule of thumb. 


CLOCK DUTY CYCLE 


© Clock Duty Cycle is a measure of the amount of time a signal is High or Low in a given clock cycle. 


TL/F/9908-26 
Duty Cycle = t/T * 100% 
FIGURE 1-18. Duty Cycle Calculation 


Clock Signal 


f, twcn \ Example: 


\tow / tHiGH and tLow are each 50% of the clock cycle therefore 


—— ji 
Ciocie GYELE the clock signal has a Duty Cycle of 50/50%. 
TL/F/9908-27 


FIGURE 1-19. Clock Cycle 
© Clock skew effects the Duty Cycle of a signal. 


Clock + Skew 


f \e\ Example: 50 MHz clock distribution on a PC board. 


VA / Skew must be guaranteed less than 1 ns at 50 MHz to 
TL/F/2908- 28 achieve 55/45% Duty Cycle requirements of core silicon! 
FIGURE 1-20. Clock Skew 


TABLE 1-I 


System 


Frequency Duty Cycle 


50/50% Ideal Duty Cycle (50/50%) occurs for zero skew. 

60/40% 

55/45% 

55/45% Note that at lower frequencies, the skew budget is not as tight 


and skew does not affect the Duty Cycle as severely as seen at 
higher frequencies. 





Definition of Parameters 


tos-u tosu_ (Common Edge Skew) 
tosHt and tos_H are parameters which describe the delay from one driver to another on the same chip. This specification is the 
worst-case number of the delta between the fastest to the slowest path on the same chip. An example of where this parameter 
is critical is the case of the cache controller and the CPU, where both units use the same transition of the clock. In order for the 
CPU and the controller to be synchronized, tos~y/HL needs to be minimized. 

Definition Example 


tosHL tosLH (Output Skew for High-to-Low Transitions): sabe 
tosHL = ItpHiyax — tPHLMIN INPUT 


Output Skew for Low-to-High Transitions: ‘ 
OUTPUT 1 1 { iis \ 
IN.! 


tosLH = ItpLHmax > tpLHmin! : ’ 
— 


Propagation delays are measured across the outputs of any Lin 
given device. ' i" 


' 
<—__—_—__—___>, 


PLHyax, ! 
' 


—— 
© tos # 


TL/F/9908~29 
FIGURE 1-21. tos_y,; tosHL 
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Family Overview 


Definition of Parameters (Continued) 


tps (Pin Skew or Transition Skew) 


tps, describes opposite edge skews, i.e., the difference between the delay of the low-to-high transition and the high-to-low 
transition on the same pin. This parameter is measured across all the outputs (drivers) on the same chip, the worst (largest 
delta) number is the guaranteed specification. Ideally this number needs to be 0 ns. Effectively, 0 ns means that there is no 
degradation of the input signal’s Duty Cycle. 


Many of today’s microprocessors require a minimum of a 45:55 percent Duty Cycle. System clock secrets typically achieve 
this in one of two ways. The first method is with an expensive crystal oscillator which meets the 45:55 percent Duty Cycle 
requirement. An alternative approach is to use a less expensive crystal oscillator and implement a divide by two function. Some 
microprocessors have addressed this by internally performing the divide by two. 

Since Duty Cycle is defined as a percentage, the room for error becomes tighter as the system clock frequency increases. For 
example in a 25 MHz system clock with a 45:55 percent Duty Cycle requirement, tps cannot exceed a maximum of 4 ns (tp, y of 
18 ns and tp_y of 22 ns) and still meet the Duty Cycle requirement. However for a 50 MHz system clock with a 45:55 percent 
Duty Cycle requirement, tpg cannot exceed a maximum of 2 ns (tp_y of 9 ns and tpy, of 11 ns) and still meet the Duty Cycle 
requirement. This analysis assumes a perfect 50:50 percent Duty Cycle input signal. 


Definition Example 
tps (Pin Skew or Transition Skew): 
clock input 


tes = |tpHL-teLul 50% duty 
cycle 


output 1 / l \ bs, = buy, = Bu, 
io 
l 


! 
1 t 
-_ —_m 


eH, PHL, 


output 2 fi N ‘os, = PHL, = LH, 
1 
' I 
1 


Both high-to-low and low-to-high propagation delays are 
measured at each output pin across the given device. 


' 
“teu, DHL, 


TL/F/9908-30 
FIGURE 1-22. tps 


Example: A 33 MHz, 50/50% duty cycle input signa! would be degraded by 2.6% due to a tps = 0.8 ns. (See Table and 
Iilustration below.) 
Note: Output symmetry degradation also depends on input duty cycle. 


TABLE 1-lll. Duty Cycle Degradation of 33 MHz 


| Device | Output’, | ae 


Tin tout Tout Input to Output 
(ns) ha (ns) (ns) 





50%/50% 15.15/15.15 30.3 0.8 14.35/15.95 30.3 47.4%/52.6% 
45%/55% 13.6/16.6 30.3 1.5 12.1/18.1 30.3 39.9% /60.1% 


50% (///A WORST CASE DEGRADATION, 
HIGH LEVEL > TPS = 0.8nS. 


47.4% HIGH LEVEL 


1 (2.6% PULSE WIDTH DECREASE) 
ty 
i 

1 


! , “ 52.6% LOW LEVEL 


a (2.6% PULSE WIDTH INCREASE) 
50% 


LOW LEVEL 


FIGURE 1-23. Pulse Width Degradation 
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Definition of Parameters (Continued) 


tost (Opposite Edge Skew) 

tost defines the difference between the fastest and the slowest of both transitions within a given chip. Given a specific system 
with two components, one being positive-edge triggered and one being negative-edge triggered, tos7 helps to calculate the 
required delay elements if synchronization of the positive- and negative-clock edges is required. 
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device 
output 


time, ns 
max 


FIGURE 1-24. tost 
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Definition 
tost (Opposite Edge Skew): 
tost = |tpym—tpon 
where ¢ is any edge transition (high-to-low or low-to-high) 


measured between any two outputs (m or n) within any giv- 
en device. 


Example 


OUTPUT 1 
» bo, = ty 


JOUTPUT 2 
i) = 
' 1 bo. = LH, 


i] 
i) 
Le tpl, my ' 
! 2 { \ 
I 


i eras | 
ie aa 


FIGURE 1-25. tost 
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Section 2 
F100K 200 and 300 Series 
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Section 2 Contents 


100201 Low Power 2-Input OR/NOR Gate/Inverter 

100301 Low Power Triple 5-Input OR/NOR Gate 

100302 Low Power Quint 2-Input OR/NOR Gate 

100304 Low Power Quint AND/NAND Gate 

100307 Low Power Quint Exclusive OR/NOR Gate 

100310 Low Skew 2:8 Differential Clock Driver 

100311 Low Skew 9-Bit Clock Driver 

100313 Low Power Quad Driver 

100314 Low Power Quint Differential Line Receiver 

100315 Low Skew Quad Clock Driver 

100316 Low Power Quad Differential Line Driver with Cut-Off 

100319 Low Power Hex Line Driver with Cut-Off 

100321 Low Power 9-Bit Inverter 

100322 Low Power 9-Bit Buffer 

100323 Low Power Hex Bus Driver 

100324 Low Power Hex TTL-to-ECL Translator 

100325 Low Power Hex ECL-to-TTL Translator 

100328 Low Power Octal ECL/TTL Bidirectional Translator with Latch 
100329 Low Power Octal ECL/TTL Bidirectional Translator with Register 
100331 Low Power Triple D Flip-Flop 

100336 Low Power 4-Stage Counter/Shift Register 

100341 Low Power 8-Bit Shift Register 

100343 Low Power Octal Register 

100344 Low Power Octal Latch with Cutoff Drivers 

100350 Low Power Hex D Latch 

100351 Low Power Hex D Flip-Flop 

100352 Low Power Octal Buffer with Cutoff Drivers 

100353 Low Power Octal Latch 

100354 Low Power Octal Register with Cutoff Drivers 

100355 Low Power Quad Multiplexer/Latch 

100360 Low Power Dual Parity Checker/Generator 

100363 Low Power Dual 8-Input Multiplexer 

100364 Low Power 16-Input Multiplexer 

100370 Low Power Universal Demultiplexer/Decoder 

100371 Low Power Triple 4-Input Multiplexer 

100389 Single Supply Hex CMOS-to-ECL Translator with Cutoff Drivers 
100390 Low Power Single Supply Hex ECL-to-TTL Translator 

100391 Single Supply Hex TTL-to-ECL Translator 

100392 Single Supply Quint TTL-to-ECL Translator with Cutoff Drivers 
100393 Low Power 9-Bit ECL-to-TTL Translator with Latch 

100395 Low Power 9-Bit ECL-to-TTL Translator with Register 

100397 Quad Differential ECL/TTL Translating Transceiver with Latch 
100398 Quad Differential ECL/TTL Translating Transceiver with Latch 
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100201 
Low Power 2-Input OR/NOR Gate/Inverter 


General Description Features 

The 100201 is a 2-input OR/NOR Gate anda single Inverter ™ Small 8 lead 150 mil SOIC package 

Gate in an eight pin SOIC package. All inputs have 50 k2 wm 2000V ESD protection 

pull-down resistors and all outputs are buffered. The mm 300 MHz minimum F toggle 

100201 is ideal for single gate needs or for use as the feed- —_ Temperature compensated 

back loop of a crystal oscillator circuit. ™ Voltage compensated operating range = —4.2V to 
—5.7V Vege 


Ordering Code: see Section 6 


Logic Symbol 


Dg, Dip, Dop Data Inputs 
Op Data Outputs 
TL/F/11000-1 ; Oa: Op Complementary Data Outputs 
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100201 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstg) —65°C to + 150°C 
Maximum Junction Temperature (T,) 
Ceramic 
Plastic 
Vee Pin Potential to 
Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) >= 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+ 175°C 
+ 150°C 


~—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 
DC Electrical Characteristics 


Recommended Operatin 


Conditions 
Case Temperature (Tc) 

Commercial 

Industrial 

Military 
Supply Voltage (Veg) - 


0°C to + 85°C 
—40°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


VeE = —4.2V to —5.7V, Voc = GND, To = 0°C to + 85°C (Note 3) 


Symbol | ___ Parameter | min | Typ _| 
Vou Output HIGH Voltage | —1025 | —955 | 


Vou 
| 


VOHG 
Yous | OutputLowVvottage | 
Vi 
Vu___| Input LOW Vottage | —1830_ 
in__| Imputtow Curent | 0.50 _| 
Im | tmputiGH Curent | 
lec | Power Supply Current | -20_| 


—17 


—1610 


| Max 
| = 1610 | 


=e 

— 

| | 870 | 
| | = 1475 | 
ee ae 
a 
eed 


Conditions 


Vin = Vin(Max) OF ViL(Min) Loading with 
502. to —2.0V 

Vin = Vinci) OF Vit(Max) Loading with 
502 to —2.0V 


Guaranteed HIGH Signal for All Inputs 


V 
V 
V 
V 


Guaranteed LOW Signal for All Inputs 
Vin = Vit(Min) 


m 
m 
m 
m 
m 
m 
pe 
bh 


Vin = ViH(Max) 
Inputs Open 


Vv 
V 
A 
A 
A 


m 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 


SOIC AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = GND 


Propagation Delay 
Data to Output 


Transition Time 
20% to 80%, 80% to 20% 





0.4 1.10 0.4 1.15 
0.40 1.20 0.40 1.20 0.40 1.20 


Conditions 


Figures 1 and 2 


Figures 1 and 2 
(Note 1) 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 





Test Circuitry 


PULSE 
GENERATOR 


Notes: 

Veco. Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 500 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Vcc and Vee 

All unused outputs are loaded with 509 to GND — 
C. = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.7 +0.1 ns =a 


OUTPUT = 


COMPLEMENT 


{TLH _»| i {THE 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/11000-3 


TL/F/11000-4 
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100301 
Low Power Triple 5-Input OR/NOR Gate 


General Description Features 
The 100301 is a monolithic triple 5-input OR/NOR gate. All ™ 23% power reduction of the 100101 
inputs have 50 kQ pull-down resistors and all outputs are mm 2000V ESD protection 
buffered. m Pin/function compatible with 100101 

a Voltage compensated operating 

range = —4.2V to —5.7V 
m Available to MIL-STD-883 
@ Available to industrial grade temperature range 


Ordering Code: see Section 6 


Logic Symbol 


| _PinNames Description 


Dna Dab; One Data Inputs 


Data Outputs 
Complementary Data Outputs 





TL/F/10579-1 
Connection Diagrams 


24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 
Dga sq 0zaVersPia Om Oe D4p D3 Dap Vee Dip Osa 
Hoe IRE) 

aaa a 24 23 22 21 20 19 


7 8 9 10 11 12 


oon nuk warp 





Bo) (2 Bal 23) 24 Gs) 
D5p Pye Dae VEES D5e P4e O5e 0, 96 Vee Veca% Op 
TL/F/10579-4 


_ 
- oOo 


TL/F/10579-3 


ary 
i) 


TL/F/10579-2 





Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


LO€00} 


If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0O°C to + 85°C 
Office/Distributors for availability and specifications. Industrial —A0°C to + 85°C 


Storage Temperature (Tstq) —65°C to + 150°C Military — 55°C to + 125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 
Plastic ; + 150°C 


Vee Pin Potential to 
Ground Pin ~7.0V to +0.5V 


Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Tye} Mes} un Conditions 
VoH Output HIGH Voltage | —955 | -870 | Vin = Vinay OF Vin) | Loading with 
Voi: Output LOW Voltage ~1705 | —1620 500 to —2.0V 


Voc | Output HIGH Voltage Seas ees Vin = Vin(min) Of Vi(Max | Loading with 
Vote Output LOW Voltage a at —1610 502 to —2.0V 


Vin | InputHIGH Voltage | -1165 | | —870 | Guaranteed HIGH Signal for All Inputs 
VIL aioe ea Guaranteed LOW Signal for All Inputs 
| Inputuowcurrent | 050 | | | wA_| Vin = Vivato 
im | InputtiGH Curent | || 20 |_| Vin = Vinten 
ice __| PowerSupplyCurrent | -29 | -17 | 15 | mA | InputsOpen 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “‘worst case” conditions. 


DIP AC Electrical Characteristics 


Vee = ~4.2V to —5.7V, Voc = Voca = GND 


= 0°C To = +25°C = +85°C 
Parameter Tc 85°C 


Conditions 


Propagation Delay Figures 1 and 2 
Data to Output (Note 1) 
Transition Time 
20% to 80%, 80% to 20% 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 


Figures 1 and 2 
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Commercial Version (Continued) 
SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
: : : : 0.50 1 


Transition Time 


20% to 80%, 80% to 20% 0.40 1.10 0.40 1.10 0.40 1.10 


Maximum Skew Common Edge 
Output-to-Output Variation 240 
Data to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


Conditions 


Figures 1 and 2 
(Note 2) 


Figures 1 and 2 


PCC Only 
(Note 1) 
| PCC Only 


(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp i), or LOW to HIGH (tosiy), or in opposite directions both 


HL and LH (tost). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 


Industrial Version 
PCC DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —40°C to +85°C (Note 3) 


V 





Conditions 


Loading with 
5020 to —2.0V 


Loading with 
502 to —2.0V 


Vin Input HIGH Voltage —1170 -870 —1165 —870 Guaranteed HIGH Signal for All Inputs 
Vit Input LOW Voltage —1830 —1480; —1830 —1475 Guaranteed LOW Signal for All Inputs 


n___[ InputLowourent_| 060 | 050 | BA | Vin = Viti 
ly ___| Input HIGH Current Viv = Ving 
lee Power Supply Current | -29  -15 | —29 —15 Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘“‘worst case” conditions. 





Industrial Version (continued) 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay Figures 1 and 2 
Data to Output 0.40 1.00 0.50 1.05 0.50 1.10 (Note 1) 
0.30 1.10 0.40 1.10 0.40 1.10 js | 


LOEO0l 


Conditions 


Transition Time 


20% to 80%, 80% to 20% Figures Vand 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
Military Version 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Vcc = Voca = GND, To = —55°C to + 125°C 


Symbol | max [units tc | Conditions, 
—5 


Output HIGH Voltage | —1025 O°C to + 125° 
Output LOW Voltage | —1830 | —1620 oCto +1250 | OrViL (Min) — | 500 to —2.0V 


Cc 
Cc 
Cc 
C 


pee ee ee ed 
or Vi (Max) | 509 to —2.0V 


Input HIGH Voltage ~1165 | —870 | mv | —55°Cto +125°C Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage —1475| mv | —55°Cto +125°C Guaranteed LOW Signal 
for All Inputs 
Input LOW Current . ars Kee iqosa | (ete 
Vin = ViL(Min) 
| | 240 


Input HIGH Current 0 0O°C to + 125°C Vee = —5.7V 


0 
Power Supply Current —55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at — 55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 
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Military Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Je Be +125 


Propagation Delay } 030180 | 
Data to Output . 0.30 } 030180 | 


1.50 
Transition Time 


Figures 1 and 2 





Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures: Subgroups A10 and 


Alt. 
Note 4: Not tested at + 25°C, +125°C, and —55°C temperature (design characterization data). 


Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 


Test Circuitry 


PULSE 
GENERATOR 


Notes: 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
C, = Fixture and stray capacitance < 3 pF 
FIGURE 1. AC Test Circuit 


Switching Waveforms 





tPHL 


TRUE 


OUTPUT tPLH 7 - 


COMPLEMENT 


{TLH cae 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/10579-5 


TL/F/10579-6 





ZOE00! 


ZA National 


Semiconductor 


100302 
Low Power Quint 2-Input OR/NOR Gate 


General Description Features 
The 100302 is a monolithic quint 2-input OR/NOR gate with ™ 43% power reduction of the 100102 
common enable. All inputs have 50 kQ. pull-down resistors m 2000V ESD protection 
and all outputs are buffered. @ Pin/function compatible with 100102 
m@ Voltage compensated operating range = 
—4.2V to —5.7V 
Available to MIL-STD-883 
Available to industrial grade temperature range 


Ordering Code: See section 6 
Logic Symbol 


AG Data Inputs 
a Enable Input 
Dib bd Data Outputs 


ry Complementary Data Outputs 
Dic 
Dae 


Dia os Truth Table 


Deg 


Die 
Doe 


TL/F/10580-1 


erarscae|e 
censsssr[? 


= HIGH Voltage Level 
= LOW Voltage Level 


H 
L 


Connection Diagrams - 
24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 
DoaDiq On Vees Og Op Dae Die E Vee Dap Dib 


How eB 
24 23 22 21 20 19 





oOoOn mW anew Dd = 


7 8 9 10 11 12 





(Soo 2 ba ea bs 


D140 24 P19 VEEs O29 Oy O% Oq Og VecVeca % % 
TL/F/10580-4 TL/F/10580~3 


= = 
no = Oo 


TL/F/10580-2 
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100302 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 


Recommended Operating 


Conditions 
Case Temperature (Tc) 





please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (TstG) ~65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 
Vee Pin Potential to 
Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


0°C to + 85°C 
—40°C to + 85°C 
—58°C to + 125°C 
—5.7V to —4.2V 


Commercial 
Industrial 
Military 
Supply Voltage (Veg) 
+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to. —5.7V, Voc = Voca = GND, To = 0°C to +85°C a 3) 


—1025 —955 


Conditions 


Vin = ViH(Max) OF ViL(Min) 
Vin = Vin(Min) OF Vit(Max) 


Guaranteed HIGH Signal for All Inputs 
V Guaranteed LOW Signal for All Inputs 


Symbol Parameter 
Vou Output HIGH Voltage 
VoL Output LOW Voltage 
Output HIGH Voltage 
VoLc Output LOW Voltage 
Vi Input HIGH Voltage 
VIL Input LOW Voltage 
Iie Input LOW Current 


NH Input HIGH Current 


— Loading with 


502. to —2.0V 


Loading with 
502 to —2.0V 


VoHc 


lal 


See 
iste om 
| | -870 | m 
ot 
ieee! 
| 
poe 


| 
© 
~l 
° 


—1475 
Vin = Vivevin 
pee a mA 
Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


tan Ae +250 =o +850 


m 
pA 
pA Vin = VIH(Max) 


lee Power Supply Current Inputs Open 


Parameter Conditions 


Propagation Delay 
Data to Output 


Propagation Delay 
Enable to Output 


Figures 1 and 2 
(Note 1) 


Transition Time 


igure. 
20% to 80%, 80% to 20% Cees Cente, 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Commercial Version (Continued) 
SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


'PLH Propagation Delay |_Min Max _| 
teHL Data to Output 0.50 1.05 
0.70 1.80 
0.40 1.10 
250 


ZOE00! 


Cc 
- = Figures 1 and 2 
tpLH ropagation Delay (Note 2) 
tpyi__| Enable to Output eee 
tTLH Transition Time 0.40 1.10 0 
250 0 
0 


14 
1.9 
tTHL 20% to 80%, 80% to 20% 1.1 Figures 1 and 2 
25) 
31 


Output-to-Output Variation 

Data to Output Path 

PCC Only 
(Note 1) 


0.50 
0.80 
tosHL Maximum Skew Common Edge pa | Ge ns 
ote 


tosHL Maximum Skew Common Edge 
Output-to-Output Variation 
Enable to Output Path 

tosLH Maximum Skew Common Edge PCC Only 
Output-to-Output Variation 20 200 (Note 1) 
Data to Output Path 


tosLH Maximum Skew Common Edge PCC Only 
Output-to-Output Variation (Note 1) 
Enable to Output Path 


tost Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


tost Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation (Note 1) 
Enable to Output Path 


tps Maximum Skew PCC Only 
Pin (Signal) Transition Variation (Note 1) 
Data to Output Path 


Maximum Skew PCC Only 
Pin (Signal) Transition Variation (Note 1) 
Enable to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 


device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosH_), or LOW to HIGH (toszH), or in opposite directions both 
HL and LH (tos7). Parameters tost and tps guaranteed by design. 





Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
Industrial Version 


PCC DC Electrical Characteristics 
VEE = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 3) 


Symbol j Parameter | To= S72 Te= 0610 +856 uns Conditions 
| Min Max | Min Max 
Vou Vin = Vitex) Loading with 
Vou oF Vivi 500 to -2.0V 
Vouc mv | VIN = ViH(Min) Loading with 
Voie or Me) peo 
Vin Guaranteed HIGH Signal for ALL Inputs 
Vit Guaranteed LOW Signal for ALL Inputs 
mn | Input Low Current | 0.05 | 0.05 A | Vin = Vici 
Wy | InputHIGH Current | 300, | 240A | Vin = Vinten 


lee Power Supply Current | ~-45 —20 —45 —20 Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under the “worst case” conditions. 
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Industrial Version (Continued) 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Te= 406 Tie FANG le oe cS Conditions 


Propagation Delay. 040 1.05 | 050 105 | 050 1.15 
Data to Output Figures 1 and 2 
Propagation Delay i (Note 1) 
Enable to Output 0.70 ~~ 1.80 0.70 1.80 0.80 1.90 
Transition Time 
20% to 80%, 80% to 20% 0.30 1.10 0.40 1.10 0.40 1.10 J ms | Figures 1 and 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C (Note 3) 


Tunts[ te | cenatons———d 


Output HIGH Voltage | —1025 0°C to + 125°C 
= 1085 Vin = Viriax) | Loading with 


m 
ae 
P-toes{ | mv | 85° | Vin = Vinten) | Loading with 
i ee eee: sleme Go 
[esses mv [seo | 


Input HIGH Voltage —1165 | —870 mV —55°C to + 125°C | Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage —1830 | —1475 fy —55°C to + 125°C | Guaranteed LOW Signal . 
for All Inputs 
Input LOW Current —55°C to + 125°C | Veg = —4.2V 


Vin = Vin (Max) 


Output LOW Voltage | —1830 | —1620 Oto +ize6. [Or VIE (Min) | BOM to: 2.0V 


V 
A 


Input HIGH Current | | 240 pA 0°C to + 125°C Vee = —5.7V 
| | 8 


BB 
fee oe ee =550 | Vin = Miuiviry 
Power Supply Current —55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’? specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at 55°C, + 25°C, and + 125°C, Subgroups Al, 2, 3, 7, and 8.. 
Note 4: Guaranteed by applying specified input condition and testing Vou/Vor- d 





Military Version (Continued) 


ZOE00! 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 


Propagation Delay 


Data to Output 0.30 1.80 | 040 1.50 | 0.40 


1,2,3,5 
Propagation Delay 


Enable to Output 0.60 2.60 | 0.80 230 | 0.80 


Transition Time 
20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
All. 


Note 4: Not tested at + 25°C, + 125°C, and ~ 55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 


0.30 1.20 0.30 1.20 


Test Circuitry 


PULSE 
GENERATOR 


TL/F/10580-5 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 500 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 »F from GND to Vcc and Veg 
All unused outputs are loaded with 5092 to GND 
C. = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.720.1 ns 





OUTPUT 


COMPLEMENT 


ms {THE 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/10580~6 
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100304 


ZA National 


Semiconductor 


100304 


Low Power Quint AND/NAND Gate 


General Description 


The 100304 is monolithic quint AND/NAND gate. The Func- 
tion output is the wire-NOR of all five AND gate outputs. All 
inputs have 50 kQ pull-down resistors. 


Ordering Code: see Section6 


Logic Symbol 


F 


Features 

m Low Power Operation 

@ 2000V ESD protection 

m Pin/function compatible with 100104 

mw Voltage compensated operating range = 
—5.7V 

g@ Available to industrial grade temperature range 

g Available to MIL-STD-883 


—4.2V to 


Logic Equation 


F = (Dia * Daa) + (Dib * Dap) + Die * Dac) + (Dig * Dag) + (Die & Doe). 


Oa 
3, | PinNames | Description | 


Ob 
Op 
Oc 
O- 
Og 
Oa 
Oe 
O5 
TL/F/10581-1 


Connection Diagrams 


24-Pin DIP 


oaonr Onn FPF WP 


=— -_ = 
nw = O&O 


TL/F/10581-2 


28-Pin PCC 


Dog Dia Vers % O OF 
OOS) 


G88 8,8 
ft3] 2O 21 22) 23) 24) 5) 
Dy g Dye O26V EES % 0, 04 


Data Inputs 

Function Output 

Data Outputs 
Complementary Data Outputs 


24-Pin Quad Cerpak 
Dog O26 Dic Vee Dap O15 


24 23 22 21 20 19 


7 8 9 10 11 12 
Og F Voc Voc, Oe 0, 


TL/F/10581-4 TL/F/10581-3 





Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales Case Temp elalule (Tc) r ‘ 

Office/Distributors for availability and specifications pomnmer cial ie scale 
: Industrial — 40°C to + 85°C 


Storage Temperature (TsTq) —65°C to + 150°C Military —55°C to + 125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic + 175°C 


Plastic + 150°C 
Ver Pin Potential to Ground Pin —7.0V to + 0.5V 
Input Voltage (DC) Veg to + 0.5V 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) >2000V 


pOeool 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Conditions 


Vin = VIH (Max) Loading with 
or VIL (Min) 502. to —2.0V 


VoHc Output HIGH Voltage | ~1035 | | = | m Vin = Vin(miny | Loading with 
VoLc Output LOW Voltage a ae or ViL (Max) 502 to —2.0V 
Guaranteed HIGH Signal 


mV 
mV 
| -1610 | mv 
ViH Input HIGH Voltage ~ an 
Input LOW Voltage ~1830 41475 fay Guaranteed LOW Signal 
for All Inputs 


V 
Input LOW Current | 050 | | BA Vin = VIL (Min) 


Input High Current 
D2a-D2¢e 250 
Dia-Die 350 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Vin = Vin(Max) 





Inputs open 


DIP AC Electrical Characteristics Vee = —4.2v to —5.7V, Voc = Voca = GND 


Conditions 


Propagation Delay 0 
Dna—-Dne to O, O : 





Figures 1 and 2 





Cc 
40 175 | 040 165 | 040 1.75 
POpegauonDeray 1400 260 | 100 260 | 115 3.20 
Data to F 
Transition Time 

see to 80% cox ao% | CSP 420" | 08s Ao: | Ose. a.20 
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100304 


Commercial Version (continued) 
PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Veca = GND 


Parameter |e ee | Te 85S | nts | conditions 


Propagation Delay 
Dna- Dne to O, O 


Propagation Delay 
Data to F 


Transition Time 
20% to 80%, 80% to 20% 


0.40 1.55 0.40 . 1.45 
1.00 2.40 i : ; i Figures 1 and 2 


0.35 


Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —40°C to + 85°C (Note 1) 


To = —40°C Tc = OC to + 85°C ; 


VoH Output HIGH Voltage — 1085 —870 —1025 —870 mV Vin =ViIH (Max) | Loading with 
VoL Output LOW Voltage | —1830 —1575 | —1830 —1620 or Vit (Min) 502 to —2.0V 
VoHc Output HIGH Voltage —1095 —1035 mV Vin = ViH(Min) Loading with 
Voic Output LOW Voltage —1610 or VIL (Max) 500, to —2.0V 


Vin Input HIGH Voltage 41170 —870 1165 —870 ma Guaranteed HIGH Signal 
for All Inputs 

VIL Input LOW Voltage 1830  —1480 —1830 4475 mV Guaranteed LOW Signal 
for All Inputs 


Input LOW Current BA | Vin = ViL(Min) 


Input HIGH Current 


D2a-D2e 
A Vin=V 
Dia-Die p IN IH (Max) 


lee Power Supply Current mA Inputs Open 


Note 1: The specified limits represent the ‘“‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Industrial Version (Continued) 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Gonditions 


Propagation eu 


yOeool 


Propagation Baad 
Data to F 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C ao +125°C 


Parameter | Min | Max | 


Output HIGH Voltage | _ 1025 | —870 


Conditions : 


ss to 
+ 125°C 


—55°C | Vin = Vin (Max) | Loading with 
OC or Viz (Min) 5020 to —2.0V 


+125°C 
—55°C 
0°C to 

+125°C 


—55°C | Vin = Vin (Min) | Loading with 
0°C to or Vit (Max) 509, to —2.0V 


+ 125°C 
—55°C 


Output LOW Voltage —1830 | —1620 


Output HIGH Voltage 


Output LOW Voltage 


Input LOW Voltage 1830 | —1475 


Input High Current 
D2a-D2¢6 


-55°C to | Guaranteed LOW Signal 12.34 
+125°C | for All inputs eet 


—55°Cto | Veg = —4.2V 
+125°C | Vin = Vit (Min) 


0°C to 

+1250 | ys ay 
Vin = Vin (Max) 

—55°C 

Dia-Die 





Power Supply Current 





Input HIGH Voltage 1165 870 —55°C Guaranteed HIGH Signal 
+125°C | for All inputs 


— 55°C to 
+125°C Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing P 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups, 1, 2 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at ~ 55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/Vo_: 
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100304 


Military Version (Continue) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 

Dna-Dne to 0,0 0.30 1.90 0.40 1.80 0.30 2.30 

Propagation Delay 5 

Data to F Figures 1 and 2 
Transition Time 

20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 


Test Circuitry Switching Waveforms 


0.7+0.1 bagel Dea: ns 
+105 V 
8 
50% 


20% 


{PHL tPLH 
TRUE | 


PULSE 


50% 
GENERATOR 
OUTPUT teLH tpHL 
WE = 80% 


= TL/F/10581-5 
: COMPLEMENT 
Notes: 
Voc: Veca = +2V, Vee = —2.5V fia Le 





Li and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope - : : TL/ Ee 10581-6 
Decoupling 0.1 jF from GND to Vcc and Vege FIGURE 2. Propagation Delay and Transition Times 


A\l unused outputs are loaded with 502 to GND 
C. = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 
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GA National 


Z0€001 


Semiconductor 


100307 


Low Power Quint Exclusive OR/NOR Gate 


General Description Features 


The 100307 is monolithic quint exclusive-OR/NOR gate. ™ Low Power Operation 
The Function output is the wire-OR of all five exclusive-OR 2000V ESD protection 
outputs. All inputs have 50 kf pull-down resistors. Pin/function compatible with 100107 


Voltage compensated operating range = —4.2V to 
—5.7V 

Available to industrial grade temperature range 
Available to MIL-STD-883 


Ordering Code: see Section é 


Logic Symbol 


Dia 
Da 


Dib 
Dab 


— 
=) 
——) 
oy 

=) 


Die 
D2e 


Connection Diagrams 


Logic Equation 


F = (Dia ® Dog) + (Dip ® Dap) + (Dic ® Dac) + (Dig ® 
Dog) + (Die © Doe). 


[Finnames | Deserpton 


Data Inputs 
Function Output 
Data Outputs 
Complementary 
Data Outputs 


TL/F/10582-1 


24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 


oon nar wan = 


_—_— = 
nu —- Oo 





Don Din Om Vees On O4 OF Dog Dae Dye Veg Dap Dyp, 
O) fo (3) rc] 
24 23 22 21 20 19 


a8 8,88 
1] 2 2) Bl Bs Ba 7 8 9 10 11 12 


D1 gy 9 O26 VEES Og Oe Oy 





Og F Vee Veca O % 
TL/F/10582-4 
TL/F/10582-3 


TL/F/10582-2 
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100307 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales abe Lempelaiurs (Tc) 4 

Office/Distributors f ilabilit d ificati Commercial 0°C to + 85°C 
ice/Distributors for availability and specifications. ladustdal 40°C to +85°C 


Storage Temperature (TsTq) —65°C to + 150°C Military —55°C to + 125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Ver) —5.7V to ~4.2V 
Ceramic +175°C 


Plastic + 150°C 
Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Commercial Version 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Vcc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vin = VIH (Min) Loading with 
or ViL (Max) 502 to —2.0V 


Guaranteed LOW Signal 
for All Inputs 


Input LOW Voltage 


Input LOW Current 


Input HIGH Current 
D2a-D2e pA Vin = Vin (Max) 
Dia-Die 


Power Supply Current mA Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. : 


DIP AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Vcc = Voeca = GND 


= Q° = + id =-+ i 


Propagation Delay 
Doa- Doe to O,7 0 


0.55 1.90 0.55 1.80 0.55 1.90 jas 

sommes’ [oss we [ose [ose | | 
aL tie cahack Figures 1 and 2 

1.15 2.75 1.15 2.75 1.145 ~ 3.00 Fons 

0.35 1.20 0.35 1.20 0.35 1.20 js 


m 
mV 
mV 
VIH Input HIGH Voltage = Guaranteed HIGH Signal 
mV 
pA 


Vin = VIL (Min) 





Conditions 


Propagation Delay 
Data to F 


Transition Time 
20% to 80%, 80% to 20% 
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Commercial Version (Continued) 
SOIC, PCC and Cerpak AC Electrical Characteristics 


Vez = —4.2V to -5.7V, Voc = Voca = GND 


ZOE00l 


Parameter Conditions 


Propagation peay 
Doa-Doe toO,O 


Propagation Delay 
Dya-D1, to O,7 (0) 1.50 0.55 


Propagation Delay 
Data to F 2.55 118 


Transition Time 
20% to 80%, 80% to 20% | 2% 1.10 


Figures 1 and 2 


Industrial Version 
PCC DC Electrical Characteristics 


VEE = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) 


Symbol Parameter aa =P TeS Conditions 


Guaranteed HIGH Signal for All Inputs 
mV_ | Guaranteed LOW Signal for All Inputs 


Input HIGH Current 
D2a-D2e Vin = Vin(Max) 
Dia-Dt0 po 


Power Supply Current} —69  —30 | ————— Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘“‘worst case” conditions. 
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100307 


Industrial Version (continued) 
PCC AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


| Panmure — To = +25°C To = +85°C 


Propagation Delay 

Doa-Doe to 0,0 0.45 1.70 0.55 1.70 

Propagation Delay 0.45 1.50 0.55 1.40 0.55 1.50 

Dia—Die to 0, O ; 

z= fel Figures 1 and 2 
ropagation Delay 

Transition Time 

20% to 80%, 80% to 20% 0.35 1.10 0.35 1.10 0.35 1.10 | ne | 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


—1830 | —1620 


Vin = Vin (Max) Loading with 
or Vit (Min) 500 to —2.0V 


Vin = Vin (Min) Loading with 
or Vi_ (Max) 5000 to —2.0V 


Cc 
— 56°C Guaranteed HIGH Signal 
+125°C | for All Inputs 


—55°C to | Guaranteed LOW Signal 


Input LOW Voltage _ = 
Input LOW Current —55°Cto | Veg = —4.2V 
+125°C | Vin = Vit (Min) 
Input High Current 
Doa—Doe 250 aA 0°C to 
Dia—-Die 350 + 125°C Vee = —5.7V 
350 pA —55°C Vin = Vin (Max) 
500 
Power Supply Current = _ — 55°C to 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at — 55°C, + 25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 


m 
m 
m 
m 
m 
m 
m 
m 
m 
m 


1,2,3,4 


V 
V 
Vv 
V 
V 
V 
V 
V 
V 
V 
pA 
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Military Version (Continued) 


ZOE00l 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Propagation Delay 
Dog-Doe to O, (e) 


Propagation Delay 
Dia-Die to O, re) 


Propagation Delay 
Data to F 


Figures 1 and 2 


Transition Time 


20% to 80%, 80% to 20% ee 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 


Test Circuitry Switching Waveforms 


0.7+0.1 ns mel iets ns 
+1.05V 
50% 


20% 





pas 


PULSE 50% 
GENERATOR 


OUTPUT 


; TL/F/10582-5 
Notes: COMPLEMENT 


Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines eas ae 

Rr = 502 terminator internal to scope 

Decoupling 0.1 uF from GND to Voc and Veg TL/F/10582-6 


All unused outputs are loaded with 502 to GND FIGURE 2. Propagation Delay and Transition Times 
CL = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 
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100310 


ZA National 


Semiconductor 
100310 


Low Skew 2:8 Differential Clock Driver 


General Description 


The 100310 is a low skew 8-bit differential clock driver 
which is designed to select between two separate differen- 
tial clock inputs. The low output to output skew (< 50 ps) is 
maintained for either clock input. A LOW on the select pin 
(SEL) selects CLKINA, CLKINA and a HIGH on the SEL pin 
selects the CLKINB, CLKINB inputs. 


The 100310 is ideal for those applications that need the 
ability to freely select between two clocks, or to maintain the 
ability to switch to an alternate or backup clock should a 
problem arise with the primary clock source. 


A Vep output is provided for single-ended operation. 


Ordering Code: see Sections 
Logic Symbol 


CLKINA 
CLKINA 


CLKINB 
CLKINB 


SEL 


TL/F/10943-1 


Connection Diagram 


28-Pin PCC 
CLKg CLKg CLKy Voc, CLK NC CLKINB 


(1) fo) (2) (8) 2) (6) GI 
BEE 


ok, 
CLKs [13] 
CLK, 
Voca U5) 


CLK, 
CLK; 


a0 88 88 
[3 bo 27 Bal 23 Bal GS) 
CLKp CLK CLK; Vocy CLK, CLK CLK 


TL/F/10943-2 


Features 

m@ Low output to output skew 

® Differential inputs and outputs 

a Allows multiplexing between two clock inputs 

m Voltage compensated operating range: —4.2V to —5.7V 


| PinNames | Description 


CLKIN,, CLKIN, Differential Clock Inputs 
SEL Select 

CLKo-_7, CLKo-_g Differential Clock Outputs 
Ves Vep Output 

NC No Connect 


Truth Table 


CLKINA CLKINA CLKINB CLKIN SEL|CLK,|CLK, 
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Absolute Maximum Ratings 


Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Storage Temperature (TsTq) ~65°C to + 150°C 

Maximum Junction Temperture (Ty) 
Plastic 

Pin Potential to Ground Pin (Veg) 

Input Voltage (DC) 

Output Current (DC Output HIGH) —50 mA 

ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+ 150°C 
—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 


Supply Voltage (Vee) 


0°C to + 85°C 
~40°C to + 85°C 


—5.7V to —4.2V 


Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter 


VoH 
VoL 
VoHC 
Voice 


Output LOW Voltage il 
Output Reference Voltage — 1380 


VBB 
VDIFF 
Vom 
VIH 


VIL 


li Input LOW Current 


[atin [Tye Pane | 
F ouput hich votage | —raes |_| 
ar 


—19320 | —1260 vag = ~250 pA 
Input Voltage Differential | 150 | | ~~ | mv_| Reauired for Full Output Swing 


Input High Voltage 41165 Lot 
| oso | | 


Conditions 


VIN = Vin (Max) 
or Vit (Min) 


lien 


502 to —2.0V 


—1610 


Loading with 
5029 to —2.0V 


Vin = ViH 
or Vi. (Max) 


Guaranteed HIGH Signal for 
All Inputs 


Guaranteed LOW Signal for 
All Inputs 


Vin = Vit (Min) 


IcBo 
lee 


Inputs Open © 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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OLE00L 





100310 


Commercial Version (continued) 
AC Electrical Characteristics v-- = —4.2v to —5.7V, Voc = Voca = GND 


Parameter Tes 2 Ten eae Conditions 
Min) Typ Max} Min Typ Max} Min Typ Max 


Max Toggle Frequency 
CLKIN A/B to Q, | 750 750 750 MHz 
SEL toQn | 575 575 575 MHz 


Propagation Delay, 

CLKIN, to CLKy 
Differential 0.90 1.00 | 0.82 0.92 1.02 | 0.89 1.01 1.09 
Single-Ended 0.96 1.20] 082 098 1.22] 089 1.06 1.29 


Propagation Delay, 
SEL to Output 0.75 0.99 1.20] 080 1.02 1.25) 0.85 1.10 1.35 
10 30 10 30 


LH-HL Skew 


Figure 3 


Figure 2 


(Notes 1, 4) 
(Notes 2, 4) 
(Notes 2, 4) 
(Notes 3, 4) 


Gate-Gate Skew LH 20 30 
Gate-Gate Skew HL 20 50 
Gate-Gate LH-HL Skew 30 60 


Setup Time 
SEL to CLKINy, co fm fom |e | 
Setup Time 

SEL to CLKIN, 

Transition Time 

20% to 80%, 80% to 20% 275 510 750] 275 500 750 | 275 480 £750 ps | 


Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair’s low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 


Figure 4 





Note 2: tos_y describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosu_ describes the same conditions 
except with the outputs going high to low. 


Note 3: tost describes the maximum worst case difference in any of the tps, tos_H Or tost delay paths combined. 
Note 4: The skew specifications pertain to differential I/O paths. 


Industrial Version 


DC Electrical Characteristics v-;_ = —4.2v to —5.7V, Voc = Veca = GND (Note 1) 


Symbol Parameter Tc = —40°C Tc = OC to +85 
VoH Output HIGH Voltage ~— 1085 —870 —1025 —870 V_ | Vin = Vin (Max) | Loading with 
or Vit (Min) 


Conditions 


500 to —2.0V 


Vouc | Output HIGH Voltage Vin = Vin Loading with 
VeB Output Reference Voltage V | lvpp = —250 pA 

Voire _| Input Voltage Differential V_| Required for Full Output Swing 
Vom Common Mode Voltage 


Vin Input High Voltage 41170 _870 414165 870 ‘i Guaranteed HIGH Signal for 
All Inputs 
Input Low Voltage — 1830 _ 4480 1830 4475 i. Alina LOW Signal for 


V 
V 
InputLow Current | o.50_ | 080 | Vi = Vin (i 
BA 
BA 


< 


Input HIGH Current |_| 20 BA | Vin = Vin (Max) 
lca0_| Input Leakage Current Vin = Vee 
IEE Power Supply Current — 100 —40 —100 —40 mA _ | Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Industrial Version (Continued) 


OL€00! 


AC Electrical Characteristics v-_ = —4.2v to —5.7v, Vcc = Veca = GND 


Parameter ier ws IG hee Tos ea6 Conditions 
Typ Max | Min Typ Max]! Min Typ Max 


Min 
Max Toggle Frequency 
CLKIN A/B toQ, | 750 750 750 MHz 
SEL to Qn, | 575 575 575 


Propagation Delay, 

CLKINp, to CLK, 
Differential 0.78 0.88 0.98 | 0.82 0.92 1.02] 0.89 1.01 1.09 
Single-Ended | 0.78 0.95 1.18 | 0.82 0.98 1.22] 0.89 1.06 1.29 


Propagation Delay 
SEL to Output 0.70 0.99 1.20] 080 1.02 1.25] 085 1.10 1.35 Figure 2 
10 30 10 30 10 30 


LH-HL Skew (Notes 1, 4) 
Gate-Gate Skew LH 20 50 (Notes 2, 4) 
Gate-Gate Skew HL 20 50 (Notes 2, 4) 
Gate-Gate LH-HL Skew 30 60 (Notes 3, 4) 


30 60 30 60 
Setup Time 
SEL to CLKINy Ee ce ce 
Setup Time 
SEL to CLKIN, 
Transition Time 5 
20% to 80%, 80% to 20% 275 510 750 | 275 500 750] 275 480 £750 } os | Figure 4 


Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 


Note 2: tos_H describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosH_ describes the same conditions 
except with the outputs going high to low. 


Note 3: tost describes the maximum worst case difference in any of the tps, tostH OF tost delay paths combined. 
Note 4: The skew specifications pertain to differential |/O paths. 


Figure 3 





Test Circuit 


SCOPE CHAN B 


SCOPE CHAN A SCOPE CHAN C 


SCOPE CHAN D 
DIFFERENTIAL 
PULSE 
GENERATOR 





oe 


TL/F/10943-3 
Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 
Note 2: L1, L2, L3 and L4 = equal length 50M impedance lines. 
Note 3: All unused inputs and outputs are loaded with 500 in parallel with <3 pF to GND. 
Note 4: Scope should have 502 input terminator internally. 


FIGURE 1. AC Test Circuit 
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100310 


Switching Waveforms 


CLK(0-7) 
OUTPUTS 
CLK(0-7) 


TL/F/10943-4 
FIGURE 2. Propagation Delay, SEL to Outputs 


1.05V 
INPUTS 


0.31V 


TRUE 
OUTPUTS 
COMPLEMENT 


TL/F/10943-5 
FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 


CLK(0-7) 


CLK(0-7) 


TL/F/10943-6 
FIGURE 4. Transition Times 
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1 L€00} 


ZA National 


Semiconductor 


100311 
Low Skew 1:9 Differential Clock Driver 


General Description Features 

The 100311 contains nine low skew differential drivers, de- | ™ Low output to output skew 
signed for generation of multiple, minimum skew differential mm 2000V ESD protection 
clocks from a single differential input (CLKIN, CLKIN). Ifa =m 41:9 low skew clock driver 
single-ended input is desired, the Vag output pin may be — Differential inputs and outputs 
used to drive the remaining input line. A HIGH on the enable 

pin (EN) will force a LOW on all of the CLK, outputs and a 

HIGH on all of the CLK, output pins. The 100311 is ideal for 

distributing a signal throughout a system without worrying 

about the original signal becoming too corrupted by undesir- 

able delays and skew. The 100311 is pin-for-pin compatible 

with the Motorola 100E111. 


Ordering Code: see Sectioné 
Logic Symbol 


| PinNames | __—Deseription | 


CLKIN, CLKIN Differential Clock Inputs 
EN Enable 

CLKo_g, CLKo_g Differential Clock Outputs 
VeB Veep Output 

NC No Connect 


Truth Table 


So ns 
TL/F/10648-1 
Connection Diagram 


28-Pin PCC 


Cig OK CLK 7 Voc, OUKy CLK CLK 
hoo oo eG) 
Baas ss 





CLKs 
CLKs 
CLK, 
Voca 
CLK, 
clk; 
CLK; 


UI 
CK, CLK, CIK, Vocy CLK, Cy CLKg 





TL/F/10648-2 
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100311 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tsta) —65°C to + 150°C 
Maximum Junction Temperture (T) 
Ceramic 
Plastic 
Pin Potential to Ground Pin (Veg) 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+ 175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


| tye | Max | 
| =t02s | 955 | -870 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 
Output LOW Voltage 
Output Reference Voltage 


Symbol 
VOH 
VoL 
VOHC 
Voc. 


— 1035 


VBB 
VDIFF 
Vom 
ViH 


Input Voltage Differential 
Common Mode Voltage 
Input High Voltage 


Input Low Voltage —1830 


ca 
| =1380_| 1920 | 
ee! 


Typ 
| 
aa 

[ave [ 


~— 1260 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 


Supply Voltage (Vee) 


0°C to +85°C 
— 40°C to + 85°C 


—5.7V to —4.2V 


Conditions 


Vin = Vin (Max) 
or Vi (Min) 


Loading with 
502 to —2.0V 


Vin = Vin 
or Vit (Max) 


Loading with 
5020 to —2.0V 


lyvBB = —300 pA 


—1475 


Required for Full Output Swing 


Guaranteed HIGH Signal for 
All Inputs 


Guaranteed LOW Signal for 
All Inputs 


mV 
mV 
mV 
—1610 mV 
mV 
mV 
V 
mV 
mV 


Input ow Current | oso | || A | Viv = Vi (iy 


Input HIGH Current 


CLKIN, CLKIN 
EN 


InputLeakage Curent | -10_ | || wA | Vin = Vee 





IcBo 
IEE 


PowerSupply Curent | -116 | | -87_ | ma 


Vin = Vin (Max) 
100 
250 zh 


Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Min Typ Max| Min Typ Max] Min Typ Max 


fmax Max Toggle Frequency 
CLKIN to Qn 750 750 750 


tpLH Propagation Delay, 
tPHL CLKIN, to CLKy 
Differential | 0.75 084 0.95 | 0.75 0.86 095 | 084 0.93 1.04 
Single-Ended | 0.65 0.90 1.05 | 0.67 0.93 1.17] 0.74 1.06 1.24 


tpLy Propagation Delay 
teal SEL to Output 0.75 1.03 1.20] 080 1.05 125/085 1.12 1.35 
10 30 10 30 10 30 


tps LH-HL Skew Notes 1, 4 
toSLH Gate-Gate Skew LH Notes 2, 4 
tosHL Gate-Gate Skew HL Notes 2, 4 
tost Gate-Gate LH-HL Skew Notes 3, 4 


L+€00L 


Figure 3 


Figure 2 


ts Setup Time 
EN, to CLKIN, 


tH Hold Time 
EN, to CLKIN, 


tr Release Time 
EN, to CLKINy 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 





Note 1: tpg describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair's low to high and high to low propagation 
delays. With differential signal pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 


Note 2: tos_y describes in-phase gate-to-gate differential propagation skews with all differential outputs going low to high; tosy_ describes the same conditions 
except with the outputs going high to low. 


Note 3: tosj describes the maximum worst case difference in any of the tps, tos_H or tost delay paths combined. 
Note 4: The skew specifications pertain to differential [/O paths. 
Note 5: fmax = the highest frequency at which output Vo_/Voy levels still meet Vin specifications. The F311 will function @ 1 GHz. 


Industrial Version 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND (Note 3) 


Tc = —40°C Tc = 0°C to + 85°C Conditions 


V1 Vin = Vin (Max) | Loading with 
or Vi (Min) 509 to —2.0V 


Vin = Vin Loading with 
or Vi_ (Min) 502, to —2.0V 


Symbol Parameter 


VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc | Output HIGH Voltage 
VoLc Output LOW Voltage 


—1085 —870 —1025 —870 
— 1830 —1575 — 1830 ~1620 
—1095 —1035 





—1565 
—1395 —1255 
150 
Voc — 2.0 Voc — 0.5 


— 1380 —1260 


< 


Vep _| Output Reference Voltage lvgg = —300 pA 


Voire | Input Voltage Differential V_ | Required for Full Output Swing 
Vom Common Mode Voltage Voc — 2.0 Voc — 0. 


Guaranteed HIGH Signal for 
All Inputs 


Vibe | Iepubeligh Yoltage -~1170 —-870 | -1165  —870 | mv 


! 
—s 
ro) 
—_ 
° 
o 





2-33 


100311 


Industrial Version (Continued) 


DC Electrical Characteristics (Continued 
Vee = —4.2V to —5.7V, Voc = Veca = GND (Note 3) 


m 


VIL Input Low Voltage - 1480 —~41830 ~1475 


liq Input HIGH Current 
CLKIN, CLKIN 100 100 
EN 250 250 
—57 


Conditions 


Guaranteed LOW Signal for 
All Inputs 


Vin = Vir (Min) 
Vin = Vin (Max) 


V 
pA 





ics0_| input Leakage Current | -10 

ee 
Vp 
Vow v 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Vin = VEE 


> 


Inputs Open 


3 re = 
<[ae|s [s]2| €| 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter ice =e Tigi eRe tigre pare Conditions 
Min’ Typ Max| Min Typ Max] Min Typ Max 


Max Toggle Frequency 
CLKIN to Q, 750 750 750 MHz 


Propagation Delay, 
CLKIN, to CLK, 

Differential | 0.72 0.81 0.92 | 0.77 0.86 0.95 | 084 0.93 1.04 

Single-Ended | 0.62 089 1.02 | 0.67 0.93 1.17] 0.74 1.06 1.24 


Propagation Delay 
SEL to Output 0.70 O.97 1.20] 080 1.05 1.25/]085 1.12 1.35 Figure 2 
10 30 10 30 10 30 


LH-HL Skew Notes 1, 4 
Gate-—Gate Skew LH Notes 2, 4 
Gate-Gate Skew HL ‘ Notes 2, 4 
Gate-Gate LH-HL Skew Notes 3, 4 


Setup Time 
EN, to CLKIN, 


Hold Time 
EN, to CLKIN, 


Release Time 
EN, to CLKIN, 


Transition Time 
20% to 80%, 80% to 20% 


Figure 3 





275 Figure 4 


Note 1: tps describes opposite edge skews, i.e. the difference between the delay of a differential output signal pair’s low to high and high to low propagation 
delays. With differential signa! pairs, a low to high or high to low transition is defined as the transition of the true output or input pin. 


Note 2: tos_y describes in-phase gate differential propagation skews with all differential outputs going low to high; tosy_ describes the same conditions except 
with the outputs going high to low. , 


Note 3: tosj describes the maximum worst case difference in any of the tps, tos_y or tost delay paths combined. 
Note 4: The skew specifications pertain to differential I/O paths. 
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Test Circuit 


LLEOOL 


SCOPE CHAN B 


SCOPE CHAN A SCOPE CHAN C 
SCOPE CHAN D 
DIFFERENTIAL 


PULSE 
GENERATOR 


Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 
Note 2: L1, L2, L3 and L4 = equal length 509 impedance lines. TL/F/10648-3 


Note 3: All unused inputs and outputs are loaded with 502 in parallel with < 
3 pF to GND. 


Note 4: Scope should have 502 input terminator internally. 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.720.ins 


OUTPUTS 


one TL/F/10648-4 
FIGURE 2. Propagation Delay, EN to Outputs 


1.05V 
INPUTS 


CLKIN 0.31V 


CLK(0-8) TRUE 
OUTPUTS 
CLK(0-8) COMPLEMENT 
FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 


TL/F/10648-5 


CLK(0-8) 


CLK(0-8) 


TL/F/10648-6 
FIGURE 4. Transition Times 
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100313 


ZANational 


Semiconductor 


100313 
Low Power Quad Driver 


General Description 


The 100313 is a monolithic quad driver with two OR and two 
NOR outputs and common enable. The common input is 
buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 500 lines. All 
inputs have 50 kN pull-down resistors and all outputs are 
buffered. 


Ordering Code: see Sections 
Logic Symbol 


TL/F/10249-3 


Connection Diagrams 


24-Pin DIP/SOIC 


O19 Onn M1 aVeEss O29 Op O4n 


Hoo woe) 
aa an 


a 
Dy 
Db 
Vee 
Vees 


e fi 
0. 
D, [18] 


wo ont Oo MW &® WD = 


[21] 22] 23) 24) 
044 O24 Op gV EES P2g O2¢ O46 


Orn 


TL/F/10249-1 


28-Pin PCC 





Features 

m 50% power reduction of the 100113 

™ 2000V ESD protection . 

w Pin/function compatible with 100113 and 100112 

@ Voltage compensated operating range = —4.2V to 
—5.7V 

m@ Available to MIL-STD-883 

m@ Available to industrial grade temperature range 


Description 


Data Inputs 


Enable Input 
Data Outputs 
Complementary Data Outputs 





24-Pin Flatpak 
Dy 0, E Ver DO, Dy 


24 23 22 21 20 19 
a 


7 8 9 10 11 12 


O26 %- YecVeca tb 2b 
TL/F/10249-2 


TL/F/10249-4 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (TsTa) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional! operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 


Recommended Operating 


Conditions 

Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Veg) 


0°C to +85°C 
— 40°C to +85°C 
— 55°C to + 125°C 


—§.7V to —4.2V 


Vee = —4.2V to ~5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol | _____Parameter_—— | Min_| 


Conditions 


502 to —2.0V 


Typ | Units | 
VoH Output HIGH Voltage —1025 ae eet ay Vin =Vi (Max | Loading with 
or VIL (Min) 


Vo. 
| OuputHiGHVotage | - 1095 | | 
Voc | Outputtowvotage ||| 1810 


_870 mV Guaranteed HIGH Signal 
for All Inputs 


VoHC 


Vin Input HIGH Voltage —1165 


Loading with 
509 to —2.0V 


Vin = Vin (Min) 
or Vit (Max) 


Input LOW Voltage _1830 ~1475 mV Guaranteed LOW Signal 
for All Inputs 


| inputLow Curent | 0.0 | | | A | Viv = Vie wi 


Input HIGH Current 





Data 350 x 


| Powersupply Current | 89 | | 29 | mA_| Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘‘worst case” conditions. 


DIP AC Electrical Characteristics 
VEE = —4.2V to —5.7V, Voc = Voca = GND 


To= +256 | To = +85 


Transition Time 
20% to 80%, 80% to 20% 


Conditions 


Figures 1 and 2 
(Note 1) 


Figures 1 and 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 
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100313 


Commercial Version (continued) 
SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Veca = GND 


teLH Propagation Delay 05 

teHL Data to Output , 
teLH Propagation Delay 0 
tPpHL Enable to Output : 


Conditions 


Figures 1 and 2 


2 
(Note 2) 
7 


5 1 
80 1 


; 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


tosHL Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


tosHL Maximum Skew Common Edge 
Output-to-Output Variation 
Enable to Output Path 


tosLH Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Figures 1 and 2 


PCC Only 
(Note 1). 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


tosLH Maximum Skew Common Edge 
Output-to-Output Variation 
Enable to Output Path 


PCC Only 
(Note 1) 


tost Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


tost Maximum Skew Opposite Edge 
Output-to-Output Variation 
Enable to Output Path 


tps Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Enable to Output Path 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosH1), or LOW to HIGH (tos_y), or in opposite directions both 
HL and LH (tos). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 
industrial Version | | 
PCC DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = —40°C to +85°C (Note 3) 


Symbol conditions 
| Min Max | Min Max _ | 

Vou my | Vin = Vin(Mtax Loading with 
Vou =1830___ — 1620 or Mivewin Sic 
Vouc | OutputHIGH Voltage | -1095 av i Loading with 
Vouc Sree oe 
Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 

[input LowCurrent | oso | oso) | Vin = Viin 


Input HIGH Current 
Data 350 350 A | Vm=V 
Enable 240 240 | IN IH(Max) 


Power Supply Current | —59 —29 | -59 —29 | mA | Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “‘worst case” conditions. 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


Po 
co] 
oO 











Industrial Version (Continued) 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


=— e = © = + ° 
Propagallon Delay 055 1.20 | 055 1.20 | 055 1.30 
Data to Output Figures 1 and 2 
Propagation Delay (Note 1) 
Enable to Output 0.80 1.70 0.80 1.70 0.80 1.80 
Transition Time ; 
20% to 80%, 80% to 20% 0.45 1.30 0.45 1.30 0.45, 1.30 Fn Figures 1 and 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 


€L€00b 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125° 


Cc 
[te | eonatons 
fs ers 

Cc 

C 


Parameter | Min | 


Output HIGH Voltage —1025 


=87 


o 


Output LOW Voltage —1830 | —162 O°C to + 125°C or ViL(Min) 502 to —2.0V 


=185 


C 
Output HIGH Voltage — 1035 

— 1085 Vin =ViH (Min) | Loading with 
| | -1610 OrCto +125°C | OF VIL(Max) | 502 to —2.0V 
| | = 1555 


—1165| —870 _55°C to +125°C Guaranteed HIGH Signal 
for All Inputs 
Este MOUABE ~1890 | —1475| mv | —55°Cto +128°c | Guaranteed LOW Signal 1,2,3,4 
for All Inputs 
Input LOW Current eee Gee VEE = —4.2V 
Vin = VIL (Min) 
Bp 


Input HIGH Current 
io + ° 
Enable Bea) GND Sr AOC Nie eee ay 
Vin = V 
Data , IN IH (Max) 
Enable ee | 


Power Supply Current —2 — 55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 


0°C to + 125°C 


2 || 
<j< 


Output LOW Voltage 


Input HIGH Voltage 


| Max | 
| 870 | 
| =870_ 
eect 
Nees 
| = 1610 | 
Fm 
340 


Data 350 
240 
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100313 


Military Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 


Ait. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 


Test Circuitry 


24 23 22 «#21 = «20 


3 
~ 


FIGURE 1. AC Test Circuit 
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Notes: 

Vcc: Voca = +2V, Veg = —2.5V. 

L1 and L2 = equal length 5029 impedance lines. 
Ry = 502 terminator internal to scope. 
Decoupling 0.1 pF from GND to Vcc and Veg. 
Ail unused outputs are loaded with 502 to GND. 
C. = Fixture and stray capacitance < 3 pF. 


Pin numbers shown are for flatpak; for DIP see logic 
symbol. By ae 12 


50 2 


1 
TT ee 


L2 


TL/F/10249-5 





Switching Waveforms 


0.7 +0.1 ns 0.7+0.1 ns 
+ 1.05 V 


50% 
20% 


7 e tPLH 


50% 


OUTPUT tpHL 


80% 
50% 
COMPLEMENT 20% 


tTLH =) = tTHL 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/10249-6 
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100314 


Semiconductor 
100314 2 


ZA National 


Low Power Quint Differential Line Receiver 


General Description 


The 100314 is a monolithic quint differential line receiver 
with emitter-follower outputs. An internal reference supply 
(Vgp) is available for single-ended reception. When used in 
single-ended operation the apparent input threshold of the 
true inputs is 25 mV to 30 mV higher (positive) than the 
threshold of the complementary inputs. Unlike other F100K 
ECL devices, the inputs do not have input pull-down resis- 
tors. 
Active current sources provide common-mode rejection of 
1.0V in either the positive or negative direction. A defined 
output state exists if both inverting and non-inverting inputs 
are at the same potential between Veg and Vcc. The de- 
fined state is logic HIGH on the O,-O, outputs. 


Ordering Code: see Section 6 


Logic Symbol 


TL/F/10260-1 


Connection Diagrams 
24-Pin DIP/SOIC 


oon oO On fF WwW NH = 


n= 65 


TL/F/10260-2 


28-Pin PCC 
Dy Da OnVersOq OF OF 
ode a3] 
{ bef | ane 





a A) 
1 os 
Dy Dy DeVegsd, 0 94 


Features 

m 35% power reduction of the 100114 

m 2000V ESD protection 

mw Pin/function compatible with 100114 

m Voltage compensated operating range = 
—4,2V to —5.7V 

g Available to MIL-STD-883 

w Available to industrial grade temperature range 


Data Inputs 


Inverting Data Inputs 
Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
De DO. Veg Ver Op Dp 


24 23 22 21 20 19 


22 


oO 
@ 


D 


oO ol 
e 


7 8 9 10 11 12 


04 Og Veo Veca 9¢ % 


TL/F/10260-3 
TL/F/10260-4 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales C : ; ? 
: apa ae Soa tis ommercial 0°C to + 85°C 

Office/Distributors for availability and specifications. industial —40°C to +85°C 


Storage Temperature (Tstq) —65°C to + 150°C Military —~55°C to +125°C 


Maximum Junction Temperture (Ty) Supply Voltage (Vee) —5.7V to —4.2V 
Ceramic +175°C 


Plastic + 150°C 
Pin Potential to Ground Pin (Veg) —7.0V to +0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


PLEOOL 


Case Temperature (Tc) 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol | tve_| Conditions 


Typ 

VoH — 1025 Loading with 
VoHC —1035 p=). =| Vin = Vin Loading with 
Vere a or Vi (Max) 50 to —2.0V 
Vee =d380 mv 2 FWBe 8 0 WA 

VbIFF 150 P| mv Required for Full Output Swing 


Vom Common Mode Voltage Voc — 2.0 es 

VIH Single-Ended Guaranteed HIGH Signal for All 
Input High Voltage —1110 Inputs (with one input tied to Vgp) 

Ves (Max) + VpIFF 

Single-Ended Guaranteed LOW Signal for All 

Input Low Voltage Inputs (with one input tied to Veg) 

Ves (Min) — VoiFF 


Input LOW Current fk Vin = Vit (Min) 


Input HIGH Current Vin = Vin (Max): Da-De = Vee, 
Da-De = VIL(Min) 


Input Leakage Current Vin = Veg, Da-De = Vas, 
Da-De = VIL (Min) 


tec | PowerSupplyCurrent_ | —60_| | =30 | mA | Da-De = Vas, Ba-De = Vi win 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case" conditions. 
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100314 


Commercial Version (continued) 
DIP AC Electrical Characteristics v-- = —4.2v to —5.7V, Voc = Voca = GND 


To = +85°C 


Toggle Frequency 

(Full Swing) (Note 2) 
Toggle Frequency 
(Reduced Swing) (Note 3) 


Conditions 


Propagation Delay 
Data to Output 


Transition Time 
20% to 80%, 80% to 20% 


SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Symbol 
fMAXFs Toggle Frequency 
(Full Swing) 
fMAXRs Toggle Frequency 
(Reduced Swing) 
teLH Propagation Delay 
tpHL Data to Output 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


tPLH Propagation Delay 
tPHL Data to Output 


tOSHL Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


tosLH Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


tost Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


tps Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


Figures 1 and 2 


Conditions 


(Note 2) 


(Note 3) 


Figures 7 and 2 


PCC only 


PCC only 
(Notes 1 and 4) 


PCC only 
(Notes 1 and 4) 


PCC only 
(Notes 1 and 4) 


PCC only 
(Notes 1 and 4) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tos ), or LOW to HIGH (tos_H), or in opposite directions both 
HL and LH (tgs7). Parameters tost and tps guaranteed by design. 

Note 2: Maximum toggle frequency at which Voy and Vo, DC specifications are maintained. 

Note 3; Maximum toggle frequency at which outputs maintain 150 mV swing. 

Note 4: All skews calculated using input crossing point to output crossing point propagation delays. 


Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) 


Output HIGH Voltage te Mee —870 | —1025 —870 pe Me Vin = Vin (Max) | Loading with 
Output LOW Voltage | —1890 —1575| -1830  -1620 | mv | Vu (Min) aE cep 
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Industrial Version (continued) 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) (Continued) 


Vouc | Output HIGH Voltage | -1095 ss mV [Vin = Vin Loading with 
Votc _ | Output LOW Voltage —1610 SEMIEI POO = aN 
VeB Output Reference Voltage — 1380 — 1260 lvep = —250 pA 


vLEOol 


VpirF | Input Voltage Differential 150 | 150 = tsi«dsm Required for Full Output Swing 
Vom Common Mode Voltage |Vcoc — 2.0 Voc — 0.5] Voc — 2.0 Voc — 0.5 


Vin Single-Ended 
Input High Voltage 


Single-Ended 
Input Low Voltage 


Input LOW Current 


Input HIGH Current 
Input Leakage Current Vin = Vee, Da-De = Ves 
—10 pA l~ "= = 
Da-De = VIL (Min) 


lee Power Supply Current —60 . 80 Da-De = Ves, Da—De = Vit (Min) 


Note 1: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


PCC AC Electrical Characteristics Vee = —4.2v to —5.7V, Voc = Voca = GND P 


Toggle Frequency 
(Full Swing) 250 (Note 2) 
Toggle Frequency 
(Reduced Swing) 700 700 700 (Note 3) 
Propagation Delay 
Data to Output 0.65 1.70 0.65 1.80 0.70 1.80 

ae Figures 1 and 2 
Transition Time 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C (Note 3) 


[parameter | win | typ | wax [unts| te [Conditions 


Output HIGH Voltage | _ = 0°C to 


| 1085 |_| =970 | mv | =58°C | vy = vin (Max) | Loading wth 


Output LOW Voltage a, O’Cto | oF Vit (Min) 502 to —2.0V 
+ 125°C 


Ves (Min) — VoirF 
Vin = VIL (Min) 


Vin = ViH (Max) Da-De = Ves, 
Da-De = Vit (Min) 


. Guaranteed HIGH Signal for All 

—1115 —870 —1110 —870 mV | Inputs (with one input tied to Vgg) 

Ves (Max) + VoiFr 
Guaranteed LOW Signal for All 

— 1830 —1535 — 1830 — 1530 m 


Inputs (with one input tied to Veg) 
240 





V 
V 
V 
A 
A 


pb 
pb 


ine) 
>» 
I, 
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100314 


Military Version (Continued) 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C (Note 3) (Continued) 


| Parameter | Min | typ | Max |units| te | Conditions 
a EE 
Voltage +125°C 

1085 <8} oe Vin = Vin (Max) | Loading with 


Output LOW re OCto |OrViL (Min) 502 to —2.0V 
Voltage +125°C 


pf = 1855 | mv | 550 | 


Output Reference 0°C to 2 = 
Voltage ae ats = tage Nee DRA NEE 
0°C to = a AS 
1380 dl 1260 | +425°C lvpB = —250 pA, Veg = —5.7V 


-13996 | | ‘| mv | —58°C |Iveg = —350 pA, Veg = —5.7V 
Input Voltage a . 
Common Mode —55°C to 

el +125°C + 

Single-Ended 1165 —870 ca — 55°C to Guaranteed HIGH Signal for All 
Input High Voltage +125°C | Inputs (with Dy, tied to Vgp) 
Single-Ended — 55°C to | Guaranteed LOW Signal for All 

— —147 oes 
Input Low Voltage ie | | 75 | mv + 125°C | Inputs (with Dy tied to Vp) 


Input HIGH Current 0°C to 


+4125°C VIN = ViH (Max)» Da-De oz Ves; 
eee = VIL (Min) 


Seer Sees 

Input Leakage anes Vin = Vee, Da-De = Vep, 
Current +125°C |D,-De = = i vin 

Current + 125°C 5, D. = er 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table Il) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 


AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND 


pale °C — °C = + °C 


seal ae 0.40 230 | 060 2.20 | 060 ° 270 Fas | 

P Figures 1 and 2 
Transition Time 
20% 10.80%. 80% 020% | 220 140 | 020 1.40 | 020 1.40 


Note 1: Fi00K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, +125°C and — 55°C temperature (design characterization data). 
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Test Circuit 


PULSE 
GENERATOR 


Notes: Voc. Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 4F from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND TL/F/10260-5 
C_ = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.7+0.1 ns —» ic 





el <— —> ~t—{PLH 
TRUE 


50% 


OUTPUT 'PLH 7 - 


COMPLEMENT 


TL/F/10260-6 
FIGURE 2. Propagation Delay and Transition Times 
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vLEOOL 


100315 





ZA National 


Semiconductor 


100315 
Low-Skew Quad Clock Driver 


General Description 


The 100315 contains four low skew differential drivers, de- 
signed for generation of multiple, minimum skew differential 
clocks from a single differential input. This device also has 
the capability to select a secondary single-ended clock 
source for use in lower frequency system level testing. The 
100315 is a 300 Series redesign of the 100115 clock driver. 


Ordering Code: see Section 
Logic Diagram 


CLKIN 
CLKIN 


CLKSEL 


ee a 


CLKIN, CLKIN | Differential Clock Inputs 
CLK4_4, CLKy_4 Differential Clock Outputs 
TCLK Test Clock Input} 
CLKSEL Clock Input Selectt 


TCLK and CLKSEL are single-ended inputs, with internal 50 kN pulldown 
resistors. 


Truth Table 


CLKSEL | CLKIN CLKIN TCLK | CLKy CLKy 


L L X L 


H 
L L 
H 
L 


H 
H L 
H H 


L = Low Voltage Level 
H = High Voltage Level 
X = Don't Care 


Features . 

m@ Low output to output skew (<50 ps) 

@ Differential inputs and outputs 

mg. Small outline package (SOIC) 

m Secondary clock available for system level testing 

m 2000V ESD protection 

m Voltage compensated operating range: —4.2V to —5.7V 
@ Military and industrial grades available 


Connection Diagram 


CLK1 
CLK1 


SOIC and 
Flatpack 
CLK2 
CLK2 


CLK3 
CLK3 


CLK4 
CLK4 
TL/F/10960-1 


on oOo oO fF WwW SS 


TL/F/10960-2 
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Absolute Maximum Ratings 


Above which the useful life may be impaired (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature — 65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Plastic 
Ceramic 
Case Temperature under Bias (Tc) 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) 
Operating Range (Note 2) —5.7V to —4.2V 
ESD (Note 2) > 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+ 150°C 
+175°C 


0°C to + 85°C 
—7.0V to +0.5V 
Voc to +0.5V 
—50mA 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol| Parameter |_min__| Typ | Max _| Units 
Gamera fs 8 Yo 

[Output Low Voltage __|_-1890 | -1705| -1620_| 

| Output HIGH Voltage | -1035 | 


VOH 
VoL 
VOHG 
VoLc 
ViH 


Single-Ended = 
Input HIGH Voltage eae Za 


Input LOW Current 


Input High Current 
CLKIN, CLKIN 


TCLK 





CLKSEL 
| 160 


inputLeakage Curent | —10_| 


VDIFF 
Vom 
IcBo 
lEE 


cel ey 
OutputLow Voltage | | | —1610 po | 


Guaranteed HIGH Signal for All Inputs 

Single-Ended 7 Z 
Input LOW Voltage 1890 i 1475 
| oso | | a 


Pane 
[Voo=osv| Vv | 
| | BA | Vin = Vee 
| 35 | ma] 


Recommended Operating 


Conditions 

Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Vee) 


o°C to + 85°C 
— 40°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


Conditions 


Loading with 
502 to —2.0V 


Vin = ViH(Max) 
or Vit (Min) 


Loading with 
502 to —2.0V 


Vin = ViH(Min) 
or Vit(Max) 
Guaranteed LOW Signal for All Inputs 


Vin = Vit(Min) 
Vin = ViH(Max) 


Required for Full Output Swing 


V 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
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SLEOOL 





100315 


Commercial Version (Continued) 
AC Electrical Characteristics vee = —4.2v to —4.8V, Voc = Voca = GND 


Propagation Delay CLKIN, 
CLKIN to CLK(4_4), CLK ~4) 
Differential 0.59 0.79 0.62 0.82 
Single-Ended 0.59 0.99 0.62 1.02 


Propagation Delay, TCLK 
to CLK(4~4), CLK(4_4) 


Propagation Delay, CLKSEL 
to CLK(4_4), CLK(4~4) 


Transition Time 
20% to 80%, 80% to 20% 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Figures 1,3 


0.50 1.20 0.50 : ; ; Figures 1,2 


0.80 1.60 0.80 1.60 0.80 : Figures 1,2 


0.30 0.80 0.30 0.80 0.30 : Figures 1, 4 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp i), or LOW to HIGH (toszy), or in opposite directions both 
HL and LH (tosT). Parameters tost and tps guaranteed by design. ; 


Industrial Version 
DC Electrical Characteristics ve_ = —4.2v to —5.7, Voc = Veca = GND 


Output HIGH Voltage — 1085 _870 4095 _870 Vv Vin = Vin(Max) Loading 
or ViL(Min) with 

an y 502. to 

Pulp LOW Molege tag) 4576511. 4880 ~1620 Vin = Vini(Min) 


or ViL(Max) Bcek 


Conditions 


502 to 


Vin = ViH(Min) —30V 


or ViL(Max) 


Guaranteed HIGH Signal 
for All Inputs 


Single-Ended Zs = > 

Input HIGH Voltage 1170 —870 1165 870 

Single-Ended = _ = _ Guaranteed LOW Signal 
Input LOW Voltage ee wee lest bee for All inputs 


Input LOW Current | 050 | iv = Vina 


m 
m 
m 
m 
m 


Output HIGH Voltage — 14095 ~1035 Vin = Vin(Max) Loading 
or ViL(Min) with 


V 
V 
V 
V 
V 
pA 
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Industrial Version (Continued) 


GLE001 


DC Electrical Characteristics ve. = —4.2v to -5.7, Voc = Veca = GND (Continued) 
Conditions 


Input HIGH Current 
CLKIN, CLKIN Vin = ViH (Max) 
TCLK 
CLKSEL 


Required for Full 
Output Swing 


Propagation Delay CLKIN, 
CLKIN to CLK(y~4), CLK(4—4) 
Differential 0.59 0.99 
Single-Ended 0.59 0.99 


Figures 1, 3 


Propagation Delay, TCLK 
to CLK(4_4), CLK(4_4) 


Transition Time 
20% to 80%, 80% to 20% 


Maximum Skew Opposite Edge 
Output-to-Output Variation (Note 1) 
to Output Path 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same package 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp), or LOW to HIGH (tos.H), or in opposite directions both 
HL and LH (tos7). Parameters tost and tps guaranteed by design. 


Military Version—Preliminary 
DC Electrical Characteristics vee = —4.2v to —5.7V, Voc = Voca = GND (Note 3) 


Figures 1,2 





Output HIGH 


Vin = VIH(Max) Loading with 
Output LOW or ViL(Min) 502 to —2.0V 
Voltage 


Output HIGH 
Voltage 


Vin = VIH(Min) Loading with 
Output LOW or Vit(Max) 502 to —2.0V 
Voltage 
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Military Version—Preliminary (Continued) 


DC Electrical Characteristics vee = —4.2V to —5.7V, Voc = Voeca = GND (Note 3) (Continued) 


[Parameter | Min [Tye] Max [Units] Te | Conditions 
Input Voltage —§5°C to , : 
Differential Fo fff mw Required for Full Output Swing 
Common Mode — 55°C to 
Voltage + 125°C fod 
Single-Ended _ _ —55°C to | Guaranteed HIGH Signal 
Input High Voltage 183 +125°C | for All Inputs 
Single-Ended 2 = — 55°C to | Guaranteed LOW Signal 
Input Low Voltage ieee + 125°C | for All Inputs 


+ 125°C 
Input HIGH Current —55°C to 


CLKIN, CLKIN + 125°C 


Input Leakage — —55°C to | Vin = VEE 
Power Supply - mA | —55°Cto 
Current, Normal + 125°C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 
Fie has 


30 


AC Electrical Characteristics vee = —4.2v to —5.7V, Voc = Veca = GND 


Propagation Delay CLKIN, 
CLKIN to CLK(4~4), CLK(4—4) 


0.61 0.81 0.61 0.81 0.60 0.83 

Propagation Delay, TCLK : . 

to CLK -4), CLK1zay 0.50 1.20 0.50 1.20 | 0.50 1.20 
0.35 0.80 0.30 0.75 | 0.25 0.75 


Transition Time 
20% to 80%, 80% to 20% 


ee ner = oie To = +125°C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C, then testing immedi- 
ately after power-up. This provides “‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C and — 55°C temperature (design characterization data). 
Note 5: Maximum output skew for any one device. 
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SCOPE CHAN B 


SCOPE CHAN C 
SCOPE CHAN A 
SCOPE CHAN D 


DIFFERENTIAL 
PULSE 
GENERATOR 


ae 0.011 uF 


TL/F/10960-3 
Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 


Note 2:1, 12, L3 and L4 = equal length 502 impedance lines. 
Note 3: All unused inputs and outputs are loaded with 502 in parallel with <3 pF to GND. 
Note 4: Scope should have 502 input terminator internally. 
FIGURE 1. AC Test Circuit 


0.7 £0.1ns 
TCLK, 
CLKSEL 


tPLH 


OUTPUTS (NOTE 1) 


TL/F/10960-4 
FIGURE 2. Propagation Delay, TCLK, CLKSEL to Outputs 


CLKIN 1.05V 


INPUTS 
CLKIN 0.31V 


CLK (1-4) TRUE ere 
(NOTE 1) 


CLK (1-4) COMPLEMENT 


FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 


TL/F/10960-5 


CLK (1-4) 
CLK (1-4) 


TL/F/10960-6 
FIGURE 4. Transition Times 


Note 1: The output to output skew, which is defined as the difference in the propagation delays between each of the four outputs on any one 100115 shall not 
exceed 75 ps. 
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100316 


ZA National 


Semiconductor 


100316 
Low Power Quad Differential Line Driver with Cut-Off 


General Description Features 


The 100316 is a quad differential line driver with output cut- ™ Differential inputs and outputs 

off capability. The outputs are designed to drive a doubly m Output cut-off capability 

terminated 509 transmission line (250 equivalent imped- Drives 259 load 

ance) in an ECL backplane. The 100316 is ideal for driving Vpp available for single-ended operation 

low noise, differential ECL backplanes. A LOW on the out- 2000V ESD protection 

put Sabie (OE) mi) Be both the, cuavand complementary Voltage compensated operating range = —4.2V to 
outputs into a high impedance or cut-off state, isolating —5.7V 

them from the backplane. The cut-off state is designed to ; 
be more negative than a normal ECL LOW state. 

Unlike most 100K devices, the data inputs (D,, Dp) do not 
have input pull-down resistors. An internal reference supply 
(Vp) is available for single-ended operation. 


Available to industrial grade temperature range 


Ordering Code: see Section 6 


Logic Symbol 


[“Pinnames [_beserption 


Data Inputs 

Data Outputs 

Complementary Data Outputs 
Output Enable 


TL/F/10922-1 


Connection Diagrams 


24-Pin DIP 28-Pin PCC 
Ds Dy DyVegs NCQ Q 
i (6) (51 
bt bed | | hel he 


on Om on me WwW YS 


2a Ba B42 
Dy Dy Dy Vers, Q 
TL/E/10922-3 


TL/F/10922-2 





Logic Diagram 


Truth Table 


Cut-Off Cut-Off 


IGH Voltage Level 
LOW Voltage Level 


ut-Off = Lower-than-Low State 


TL/F/10922-5 
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100316 


Absolute Maximum Ratings 


Above which the useful life may be impaired (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstq) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 
Pin Potential to Ground Pin (Veg) 
Input Voltage (DC) 
Output Current (DC Output HIGH) —100 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Function operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to 0.5V 
Veg to + 0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


fase 
a 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 
Output LOW Voltage 
Cut-Off LOW Voltage 


Symbol 
— 1025 
~— 1830 
—1035 


VOH 
VoL 
VOHC 
VoLc 
VoLz 


Output Reference Voltage —1380 


VeB 


= = = 3 


VbIFE Input Voltage Differential 
Common Mode Voltage 
Single-Ended 

Input High Voltage 


Vom Voc — 2.0 


ViH 
—1110 


Single-Ended 
Input Low Voltage 





Input LOW Current 
Input HIGH Current Dx 


liz Input HIGH Current OE 


IcBo Input Leakage Current 


Power Supply Current, 
Normal 


lee 


Power Supply Current, 
Cut-Off 


lEEZ —152 


| 
= 
Oo 


Recommended Operating 


Conditions 

Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Vee) 


0°C to + 85°C 
—40°C to +85°C 
—55°C to + 125°C 


~—5.7V to —4.2V 


Conditions 


< 


< 


| Max _| 
ei 


Loading with 
252 to —2.0V 


Vs} Vin = Vin (Max) 
or VIL (Min) 


Loading with 
252. to —2.0V 


m Vin = VIH (Min) 
my | OF VIL (Max) 
Vin = VIH (Min) OE = LOW 
or Vit. (Max) 


lvBB = —1mA 


mV 


Required for Full Output Swing 


Guaranteed HIGH Signal for All 
Inputs (with one input tied to Vag) 
VBB (Max) + VDIFF 

Guaranteed LOW Signal for All 
Inputs (with one input tied to Vgp) 
VeB (Min) — VDIFF 


mV 


mV 


> 


Vin = Vit (Min) 

Vin = ViH (Max) D1 = Ves, 
Dy = ViL (Min) 

Vin = VIH (Max) D4 = Vee, 
Dy = Vit (Min) 

Vin = Vee; Dy = Ves, 

Dy = VIL (Min) 


= 
> 


D; = Vee; Dy = Vit (Min) 


> 


D,-D4 = Vgp, Dy-D4 = Vit (Min): 
OE = LOW 


| 
“NI 
a 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version (Continued) 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


i om 
Propagation Delay 
Data to Output 0.65 2.30 0.65 2.30 0.65 2.30 


9L€001 


Conditions 


Figures 1 and 2 


Propagation Delay 1.80 4.20 1.80 4.20 1.80 4.20 
OE to Output 1.20 3.10 1.20 3.10 1.20 3.10 
Transition Time, Dy to Qn 

20% to 80%, 80% to 20% 0.45 1.70 0.45 1.70 0.45 1.70 


PCC AC Electrical Characteristics 


VEE = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
aia ae ON eld 0. 2.10 
1 1.8 
{ 


Conditions 


OE to Output 1 Figures 1 and 2 


65 

Propagation Delay 8 4.00 : 4.00 1.8 4.00 
2 2.90 1.2 2.90 2 2.90 

Transition Time, Dy to Qn 

20% to 80%, 80% to 20% 0.45 1.50 0.45 1.50 0.45 1.50 
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Industrial Version 
PCC DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND (Note 3) 


Tce = —40°C Tc = OC to + 85°C 
—1085 —870 — 1025 —870 V_ {Vin = ViH (Max) {| Loading with 


—1830 —1585 | —1830 — 1620 or VIL (Min) 2520 to —2.0V 


— 1035 Vin = Vint (iny | Loading with 


—1575 —~1610 or VIL (Max) 252 to —2.0V 


—1900 1950 | my | OE = LOW, Vin = Vin (Min) 
or Vit (Max) 


—1395  —1255 | —1380 —1260 lvep = —1mA 


150 | 60 | V_ | Required for Full Output Swing 


Voc — 2.0 Voc — 0.5| Voc — 2.0 Veco — 0.5 


je om Guaranteed HIGH Signal for All 
—1115 —870 —1110 —870 mV | Inputs (with one input tied to Vag) 
VB (Max) + VDIFF 
Se Guaranteed LOW Signal for All 
— 1830 —1535 — 1830 — 1530 mV | Inputs (with one input tied to Vag) 
Ves (Min) — VDIFF 


BA | Vin = VIL (Min) 


Symbol Parameter Conditions 


VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc _ | Output HIGH Voltage 
Votc | Output LOW Voltage 
VoLz Cut-Off LOW Voltage 


3 
< 


< 


VeB Output Reference Voltage 


VoirF | Input Voltage Differential 


Vom Common Mode Voltage 


Vin Single-Ended 
Input High Voltage 


ViL Single-Ended 
Input Low Voltage 





Wie Input LOW Current 

Wy Input HIGH Current, Dy 
hz Input HIGH Current, OE 
IcBo Input Leakage Current 


fo) 


—_ 
oO 
3 = : 
eee eee 


Vin = VIH (Max) D1 = Vee; 

Dy = VIL (Min) 

Vin = Vee, Dy = Ves, 

Dy = Vit (Min) 

IEE Power Supply Current, 
Normal 


Dy = Vee, Dy = Vit (Min) 


| 
fee) 
a 

| 
wo 
co) 
> 


IEEZ Power Supply Current, 
Cut-Off 


D;,-D4 = Vgp, D1-D4 = Vit (Min); 
OE = LOW 
Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘“‘worst case” conditions. 


PCC AC Electrical Characteristics 
VEE = —4.2V to —5.7V, Voc = Voca = GND 


To = —40°C To = +25°C Te = +85°C vate Conditions 


0.65 2.10 0.65 2.10 | ne 


—152 —75 


Parameter 


Propagation Delay 


10 
Data to Output ee e 


Propagation Delay 1.80 4.00 1.80 4.00 1.80 : 


igures 1 and 2 
OE to Output 1.20 290 | 1.20 290 | 1.20 patres Lane 


fo) 


Pfansiton Tine 0.45 50 150 | 045 1.50 | ne 


20% to 80%, 80% to 20% 
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DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND (Note 3) 


Output HIGH 
Voltage 


a 
< 


Typ 


| 
@ 
N 
°o 


| 
© 
N 
r—) 


Vin = Vin (Max) | Loading with 
Output LOW or VIL (Min) 252 to —2.0V 


Voltage 


| | 
— — 
nn ron) 
a ne) 
a cc) 


Output HIGH 
Voltage 


| 
< 
q 
ao 
Q 


Vin = VIH (Min) Loading with 
Output LOW or Vit (Max) 252. to —2.0V 


Voltage 


| 
= 
r= 
ES 
< 


Cut-Off LOW 


Voltage 
Vin = VIH (Min) OF Vit (Max) 


Output Reference 0°C to as - 
Voltage +4125°C lypp = OA, Veg = 4.2V 


0°C to 2 ee te 
1380 1320 1260 | MV | so5eg | VaR = ~250 HA, Veg = ~5.7V 


— 1396 mV | —55°C | lyeg = —350 pA, Veg = —5.7V 1,2,3 
Be 
VbIFF Input Voltage —55°C to : : 
Differential 150 mV +125°C Required for Full Output Swing 1,2,3 
Vom Common Mode = - —55°C to 
jsommerote lvcc-20]  |veo-as| v | + 125°C diay 
Vin Single-Ended — 55°C to | Guaranteed HIGH Signal for All 
-1 - poe 
input High Voltage 189 ae my +125°C | Inputs (with D, tied to Vgp) ose 
VIL Single-Ended — 55°C to | Guaranteed LOW Signal for All 
— 1830 - pats 
Input Low Voltage Ieee my +125°C | Inputs (with Dp, tied to Vgg) Weert 
Input HIGH 0°C to = = 
a ee ee ee 
Hz Input HIGH 360 A —55°C to VIN = ViH (Max) Dy = Ves, 
Current, OE p + 125°C | Dy = Vit (Min) 
IcBo Input Leakage - — 55°C to | Vin = Vee, Dy = Vep, 
ad BA [4 126°0 | By = Vi ain pee 
lEE Power Supply = —55°C to | Dy = Vap, Dy = Vit (Min) 
Current, Normal cy nM +125°C yea 
lEEZ Power Supply = < —55°C to | D}-Do = Vgp, D1-Do = VIL (Min)» 
Current, Cut-Off 180 ” ug +125°C | OE = LOW 1aeed 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/VoL- 


Dy = VIL (Min) 
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Military Version—Preliminary (continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
ae aki 


Figures 1 and 2 


Propagation Delay 0.70 4.20 0.70 4.20 0.70 4.20 
OE to Output 0.70 3.20 0.70 3.20 0.70 3.20 
Transition Time 

20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C and —55°C temperature (design characterization data). 





Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/10922-6 
FIGURE 1. AC Test Circuit 


- Notes: 
Voc: Veoca = +2V, Veg = —2.5V : 
L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc and Veg 
All unused outputs are loaded with 25 to GND 
C. = Fixture and stray capacitance < 3 pF 


Switching Waveforms 


TRUE 
DATA 
COMPLEMENT 


OUTPUT 
ENABLE 


TRUE 
OUTPUT 
COMPLEMENT 


TL/F/10922-7 
FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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61 E001 


GA National 


Semiconductor 


100319 
Low Power Hex Line Driver with Cut-Off 


General Description Features 


The 100319 is a Hex Line Driver with output cut-off capabili- | ™ Differential outputs 

ty. The 100319 has single ended ECL inputs and differential | m= Output cut-off capability 

ECL outputs, designed to drive a differential, doubly termi- Drives a 252 ECL load 

nated 502 transmission line (250 equivalent impedance) ing 2000V ESD protection 

an ECL backplane. A LOW on the Output Enable (OE) will Voltage compensated range = —4.2V to —5.7V 
set both the true and complementary outputs, to a high im- 
pedance or cut-off state. The cut-off state is designed to be 
more negative than a normal ECL LOW state. 


@ Available to industrial grade temperature range 


Ordering Code: see Section6 
Logic Symbol 


[“pinviemes | beseription 


Data Inputs 


' Data Outputs 
= _ fe = - a Complementary Data Outputs 
Q % Q Q% Q3 GQ  % A A % OQ Output Enable 





TL/F/10923-1 


Connection Diagrams 


24-Pin DIP 28-Pin PCC 
Dg Ds O5Vees 5% 
oo fe) 5) 
REEEEBES 


oan on fF WwW DS = 





FO a Bd 
Dg % %Vegs Q% A% 
TL/F/10923-3 


TL/F/10923-2 
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100319 


Logic Diagram 


Truth Table 





L H L H 
H H H L 
Xx L Cut-Off Cut-Off 


= HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 

ut-off = Lower-than-Low State 


H 
L 
X 
Cc 
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TL/F/10923-5 





Absolute Maximum Ratings 


Above which the useful life may be impaired (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


—65°C to + 150°C 


Storage Temperature (TstcG) 


Maximum Junction Temperture (Ty) 
Ceramic 
Plastic 


Pin Potential to Ground Pin (Veg) 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
ESD (Note 2) 


Conditions 


Case Temperature (Tc) 
Commercial 
Industrial . 

Military 

Supply Voltage (V 

page pply Voltage (Veg) 

+ 150°C 


—7.0V to +0.5V 


Veg to +0.5V 
—100 mA 
2=2000V 


Recommended Operating 


0°C to +85°C 
—40°C to + 85°C 
— 55°C to + 125°C 


—5.7V to —4.2V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Commercial Version 
DC Electrical Characteristics 


Vege = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Parameter 
Output HIGH Voltage 
Output LOW Voltage 
Output HIGH Voltage 
Output LOW Voltage 


Cut-Off LOW 
Voltage 


Input HIGH Voltage 


Symbol 
Vou —1025 
VoL 

VOHG 
VoLc 


VoLz 
VIH 
Input LOW Voltage 


Input LOW Current a 
Input HIGH Current Dal 


Power Supply Current, Normal 


Power Supply 
Current, Cut-Off 


lEEZ 


Twin | tye [wax [vie | 


p | t00 | A | Vin = Vivi 


Conditions 


Loading with 
252 to —2.0V 


Loading with 
25 to —2.0V 
Vin = ViH(Min) OE = LOW 
or ViL(Max) 

Guaranteed HIGH Signal for 
All Inputs 


Guaranteed LOW Signal for 
All Inputs 


Vin = Vin(Max) 


ae 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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100319 





Commercial Version (Continued) 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Conditions 


Propagation Delay . ; 3 : : 5 Figures 1 and 2 
OE to Output 


Transition Time 
20% to 80%, 80% to 20% 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 

Data to Output aie 240 

Propagation Delay 1.8 4.1 1.8 ‘ ; : Figures 1 and 2 
OE to Output 1.2 2.9 2. : : : 

Transition Time 

20% to 80%, 80% to 20% 0.45 1.30 0.45 1.30 0.45 1.30 


0.45 


Industrial Version 


PCC DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND (Note 3) 


Output HIGH Voltage | —1085 —870 | —1025 ~870 Vin = Vin(Max) | Loading with 
utput LOW Voltage | 1830 —1575 or Vit (Min) 250. to —2.0V 


Output LOW Voltage —1565 or ViL (Max) 252 to —2.0V 


Input HIGH Voltage —1115  —870 ~1110 _870 ae HIGH Signal for All 


Vin = ViH(Min) Loading with 


mV 
mV 
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Industrial Version (Continued) 


PCC DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND (Note 3) (Continued) 


Cc Tc = 0°C to + 85°C 


— 1950 
— 1830 — 1530 


-—119 —30 
—75 


Tc = —40° 


Symbol Parameter 


VoLz Cut-Off LOW Voltage 


VIL Input LOW Voltage 


—1830 —1535 


Input LOW Current 
Input HIGH Current 


Power Supply Current, 7 
Normal 


fie 
is! 


IEE 9 


Power Supply Current, 
Cut-Off 


~30 
lEEZ —219 75 


6LE001 


Conditions 


Vin = Vin(min) | OE = LOW 
or Vit (Max) 
Guaranteed LOW Signal for 


All Inputs 

Vin = Vit(Min) 

Vin = ViH(Max) 
Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 


PCC AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 
Data to Output 


Propagation Delay 


OE to Output 


Transition Time 
20% to 80%, 80% to 20% 


Symbol 
0.65 
1.8 
1.2 
0.45 


Military Version—Preliminary 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND (Note 3) 


3 
< 


< < < 


I 
@ 
NI 
oO 


_— 
fey) 
Nh 
oO 


+125°C 


< 


0°C to 
+125°C 


< 


mV 


m 
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mV 0°C to 
+ 125°C 


O°C to + 125°C | Vin = Vin(min) or | OE = LOW 


Conditions 


Figures 1 and 2 


Loading with 
2520 to —2.0V 


Vin = Vit(Max) 
or ViL(Min) 


Loading with 
252 to —2.0V 


Vin = VIH(Min) 
or ViL(Max) 





100319 


Military Version—Preliminary (Continued) 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = a = GND (Note 3) (Continued) 


Parameter 


Input HIGH Voltage 4165 2 to Senators HIGH Signal for 
+125°C | All inputs 


Input LOW Voltage 


—55°C to | Guaranteed LOW Signal for 
+125°C | Alllnputs 


Power Supply Current, 


Power Supply Current, | —180 Inputs Open, naa = LOW 
Cut-Off 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups At, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL.- 


Input HIGH Current eee to 
+ EA Vin = VIH(Max) 





AC Electrical Characteristics—Preliminary 
VeE = —4.2V to —5.7V, Voc = Veca = GND 


Parameter Gace at 25:6 Tee eee ao Conditions 


Data to Output Figures 1 and 2 
Transition Time 
20% to 80%, 80% to 20% 0.20 1.70 0.20 1.70 0.20 1.50 ate 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C and —55°C temperature (design characterization data). 
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Test Circuitry 


61 E001 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/10923-6 
FIGURE 1. AC Test Circuit 


Notes: 

Voc: Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Voc and Veg 
All unused outputs are loaded with 25N to GND 
C, = Fixture and stray capacitance < 3 pF 


Switching Waveforms 


DATA 


OUTPUT 
ENABLE 


TRUE 
OUTPUT 
COMPLEMENT 


‘ 
TL/F/10923-7 


NOTE: The output AC measurement point for cut-off propagation delay testing = the 50% voltage point between active Vo, and Von. 
FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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100321 


CA National 


Semiconductor 
100321 
Low Power 9-Bit Inverter 


General Description 


The 100321 is a monolithic 9-bit inverter. The device con- 
tains nine inverting buffer gates with single input and output. 
All inputs have 50 k. pull-down resistors. 


Ordering Code: see Section 6 


Logic Symbol 


TL/F/10609-1 


Connection Diagrams 


24-Pin DIP 


oan om nm eF® WH =~ 


=— 
nu —- oOo 


TL/F/10609-2 


28-Pin PCC 


Ds D4VocaYees 4 O5 Og 
Hoes 
anne 6 


fi] 
Dy D2 D3 Ves Veca93 02 


Features 

@ 30% power reduction of the 100121 

m 2000V ESD protection 

B Pin/function compatible with 100121 

m Voltage compensated operating range = 
—-5.7V 

™ Available to industrial grade temperature range 

g@ Available to MIL-STD-883 


—4.2V to 


| PinNames |Description | 





Dg Data Inputs 
Og Data Outputs 


24-Pin Quad Cerpak 
Dg Og VocaVer D7 Dg 


24 23 22 21 20 19 


7 8 9 10 11 12 


01 99 Vee Voc, 97 
TL/F/10609-3 
TL/F/10609-4 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales cee Femperaiie (Tc) ° ° 

Office/Distributors for availability and specificati Sorina cial Renae hu 
Ore 408 y peameanon= Industrial —40°C to +85°C 


Storage Temperature (TsTq) —65°C to + 150°C Military —55°C to + 125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 
Plastic + 150°C 

Vee Pin Potential to Ground Pin —7.0V to +0.5V 

Input Voltage (DC) Veg to +0.5V 

Output Current (DC Output HIGH) —50 mA 

ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functonal operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


1Z€001 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


symbol | ___ Parameter | Min. | Typ __ Conditions 
VoH Output HIGH Voltage | —1025 -870 | mV | Vin=Vin(Max) | Loadingwith 


VoL or Vi (Min) 502 to —2.0V 


VoHc Output HIGH Voltage — 1035 Loading with 
VoLc Output LOW Voltage 502 to —2.0V 


Vin Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


Input LOW Voltage Guaranteed LOW Signal 
for All Inputs 


Input LOW Current Vin = Vit (Min) 
Input HIGH Current Vin = Vin (Max) 
Power Supply Current Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘'worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Veca = GND 


Te = + 85°C Conditions 


Propagation Delay Figures 1 and 2 
sia io Oitput 0.45 45 0 1.45 0.45 1.55 (gota) 
0.3 .20 1.20 0.35 1.20 jms | 


Figures 1 and 2 





1 45 
Transition Time 
20% to 80%, 80% to 20% ee : 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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100321 


Commercial Version (Continued) 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 
Conditions 


Figures 1 and 2 
(Note 2) 
Transition Time ; 
20% to 80%, 80% to 20% F F F j : ‘ Figures 1 and 2 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PCC only 
(Note 1) 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


PCC only 
(Note 1) 


PCC only 
(Note 1) 


PCC only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tospz), or LOW to HIGH (tos_H), or in opposite directions both 
HL and LH (tos). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) 


Vou Vin =Vin (Max) | Loading with 
Vou EE eee 
Vou Vin = Vin (Min) | Loading with 
Voc i acct 


Vin Input HIGH Voltage 41170  —870 — 1165 _870 mV Guaranteed HIGH Signal 
for All Inputs 


ViL Input LOW Voltage 1830  —1480 — 1830 _ 4475 a Guaranteed LOW Signal 
for All Inputs 


lit Input LOW Current pA Vin = Vit (Min) 
iy | Input HiGHCurrent_ | 300 | 240 |_| Vi = Ving (Man 
IEE Power Supply Current —65 —30 | -65 -30 | ~=mA | Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Industrial Version (Continued) 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Conditions 


Propagation Delay Figures 1 and 2 
Data to Output (Note 1) 


Lc€ool 


Transition Time 
20% to 80%, 80% to 20% 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 


Figures 1 and 2 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to ae 


Parameter | min | Max | 


Output HIGH Voltage 


O°C to 
+125°C 


—55°C Vin = Vin (Max) | Loading with 
0°C to or Vi, (Min) 502 to —2.0V 


+125°C 
—55°C 


0°C to 
+125°C 


—55°C | Vin = Vin (Min) | Loading with 


—1025 - ‘870 


Output LOW Voltage —1830 | —1620 


OutputHIGH Voltage | _ 03. = 


—55°C 
—55°C to | Guaranteed HIGH mane) 
+ 125°C for All Inputs 
—55°C to | Guaranteed LOW Signal 
+125°C for All Inputs 


—55°Cto | Veg = —4.2V 
+125°C | Vin = Vit (Min) 
0°C to 

+125°C | Veg = —5.7V 
—55°c «| (Vin = Vin (Max) 


—55°C to 
+125°C Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at -55°C, + 25°C and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VonH/VoL- 


Input HIGH Voltage ~1165 
Input LOW Voltage —1830 | —1475 


Input LOW Current 


Power Supply Current 





ro | See 
a 
Dm 
| mv | 
Output LOW Voltage | | = t610 | mv 0°C to or Vi (Max) 502 to —2.0V 
+ 125°C 
fall a 
Pm 


Input HIGH Current mre 
Pe = 
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100321 


Military Version (continued) 


AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Te = —55°C To = +25°C Tc = + 125°C 


ve Conditions 
seettcoa” | oa 300 | 040 150 | oan 300 | oe | 
p Figures 1 and 2 


20% to 80%, 80% to 20% 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each mfg. lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 





Test Circuitry 


PULSE 
GENERATOR 


Notes: 


Voc; Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 50 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 4.F from GND to Voc and Vee 
Alt unused outputs are loaded with 509 to GND 


Ci = Fixture and stray capacitance < 3 pF TO? 


FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.72 0.1 ns 


OUTPUT 


trLH tTHL 
TL/F/10609-6 


FIGURE 2. Propagation Delay and Transition Times 
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GA National 


Semiconductor 


100322 
Low Power 9-Bit Buffer 


General Description 


The 100322 is a monolithic 9-bit buffer. The device contains 
nine non-inverting buffer gates with single input and output. 
All inputs have 50 kf, pull-down resistors and all outputs are 
buffered. 


Ordering Code: see Sectioné 


Logic Symbol 


TL/F/10608-1 


Connection Diagrams 


24-Pin DIP 


ooaonr DWUe wn = 


By 4 BS 
Dy D2 OsVeEsVoca0s 02 


TL/F/10608~2 





28-Pin PCC 


Ds Dg VocaYers94 O5 Og 
fo f) fa) &) 


cceool 


Features 

m 30% power reduction of the 100122 

m 2000V ESD protection 

@ Pin/function compatible with 100122 

m Voltage compensated operating range = 
—5.7V 

m Available to MIL-STD-883 

@ Available to industrial grade temperature range 


—4.2V to 


Description 


D;, Dg 
01,09 





Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Dy Dg VocaYee D7 Og 


24 23 22 21 20 19 


7 8 9 10 11 12 


0; 09 Vee Yor, 9g 97 
TL/F/10608-3 
TL/F/10608-4 
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100322 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstq) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 


+175°C 
+ 150°C 


Recommended Operating 
Conditions i 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (VEE) 


0°C to + 85°C 
—40°C to +85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


—7.0V to +0.5V 
Veg to +0.5V 


Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) —50mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 


DC Electrical Characteristics 
VEE = —4.2V to —5.7V, Voc = Veca = GND, Tc = 0°C to +85°C (Note 3) 


symbol_| Parameter | Min_ | Typ 
Vou Output HIGH Voltage — 1025 | -955 | mV 
V 


Conditions 


Vin = ViH (Max) 
or VIL (Min) 


Vin = ViH(Min) 
or VIL (Max) 


Loading with 
502 to —2.0V 


Typ 
VoL Output LOW Voltage ' —1830 —1705 
Output HIGH Voltage — 1035 of 


Loading with 
502 to —2.0V 


VoHC 


VoLc Output LOW Voltage 


ViH Input HIGH Voltage 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Input LOW Current pA | Vin = Vici 
Input HIGH Current Vin = VIH (Max) 
Power Supply Current mA Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


0.4 1.45 0.45 


Input LOW Voltage 


Conditions 


Figures 1 and 2 
(Note 1) 


Figures 1 and 2 


Propagation Delay 
Data to Output 


5 . 
Transition Time = 
20% to 80%, 80% to 20%} 9 as 09s 120 Ai 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 0.45 

Data to Output ‘ 

Transition Time 0.35 

20% to 80%, 80% to 20% , 


Cc Cc = 
1.25 0.45 1.25 1 
pm | mw | 
Maximum Skew Common Edge 
Output-to-Output Variation 200 200 2 
Data to Output Path 
Maximum Skew Opposite Edge 
260 0 
200 0 


Cc 
2 0.45 .35 
: 0.35 10 
20 200 
" 
Output-to-Output Variation 26 260 
Data to Output Path 
Maximum Skew 
Pin (Signal) Transition Variation 20 200 
Data to Output Path 
Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 


device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp), or LOW to HIGH (tog_H), or in opposite directions both 
HL and LH (tost). Parameters tosr and tps guaranteed by design. 


cce00l 


Conditions 


Figures 1 and 2 
(Note 2) 


Figures 1 and 2 


PCC Only 
(Note 1) 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 





Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, To = —40°C to +85°C (Note 3) 


To = —40°C Tc = 0°C to + 85°C we 
Symbol Parameter Conditions 


VOH Output HIGH Voltage —1085 —870 — 1025 —870 Vin = VIH (Max) Loading with 
VoL Output LOW Voltage | —1830 —1575 | -1830 —1620 or VIL (Min) 502 to —2.0V 
VoHC Output HIGH Voltage —1095 —1035 i Vin = VIH (Min) Loading with 

Voice Output LOW Voltage ~1565 ~1610 or VIL (Max) 500 to —2.0V 
m 


V 
Vv 
VIH Input HIGH Voltage —1170 870 4165 _870 Vv Guaranteed HIGH Signal 
for All Inputs 
Vit Input LOW Voltage —1830  —1480 —1830 ~4475 a Guaranteed LOW Signal 
for All Inputs 
A 


lit Input LOW Current | oso 0.50 
lt Input HIGH Current 240 Vin = VIH (Max) 
IEE Power Supply Current —65 —30 ~65 —30 Inputs Open 


Note 3: The specified limits represent the “worst case”’ value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


V 
Vin = Vit (Min) 
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PCC AC Electrical Characteristics . 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Bec ae 


a ts 

Propagation Delay Figures 7 and 2 
Data to Output 0.45 1.25 0.45 1.25 0.45 1.35 (Note 1) 
Transition Time 
20% to 80%, 80% to 20% 0.30 1.20 0.35 1.10 0.35 1.10 ns | 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 


Conditions 


Figures 1 and 2 


Military Version 


DC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Veca = GND, Tc = 0°C to +85°C 


(Parameter [th | sux [unis | te [nations 
Output HIGH Voltage 
Output LOW Voltage 


c 
0°C to + 125° or Vit (Min) 502 to —2.0V 


C 

C 

Cc 
C 


Output HIGH Voltage | —1035| | 
Output LOW Voltage | | —1610 Octo +125°C | OF VIL (Min) Sooo ay 


: 
mV 
[Eres [ov [586 
for All Inputs 
Input HIGH Voltage Sage Guaranteed LOW Signal 
for All Inputs 
IN = VIL (Min) 


0°C to + 125°C VeE = —5.7V 
Power Supply Current —55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at — 55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 


340 
—25 


InputHiGH Current | | 240 | 
|| 84 
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AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Zce00l 


Propagation Delay 
Ser[= == [= |= 

Figures 1 and 2 
20% to 80%, 80% to 20% . 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘cold start’ specs which can be considered a worst case condition at cold temperatures. 





Note 2: Screen tested 100% on each device at + 25°C, only Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 
All. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 


Test Circuit 


Notes: 

Veo. Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 509 impedance lines 

Rr = 509 terminator internal to scope 

Decoupling 0.1 wF from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND PULSE 
C, = Fixture and stray capacitance < 3 pF GENERATOR 


TL/F/10608-5 
FIGURE 1. AC Test Circuit 


Switching Waveforms 


0.7+0.1 ns 


OUTPUT 


Oe aes 


FIGURE 2. Propagation Delay and Transition Times 


TL/F/10608-6 
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100323 


ZA National 


Semiconductor 


100323 
Low Power Hex Bus Driver 


General Description 


The 100323 is a monolithic device containing six bus drivers 
capable of driving terminated lines with terminations as low 
as 252. To reduce crosstalk, each output has its own re- 
spective ground connection. Transition times were designed 
to be longer than on other F100K devices. The driver itself 
performs the positive logic AND of a data input (D}—-Dg) and 
the OR of two select inputs (E and either DE;, DE», or DE3). 
Enabling of data is possible in multiples of two, i.e., 2, 4 or 
all 6 paths. All inputs have 50 kN pull-down resistors. 

The output voltage LOW level is designed to be more nega- 
tive than normal ECL outputs (cut off state). This allows an 
emitter-follower output transistor to turn off when the termi- 


Ordering Code: see Section 6 


Logic Symbol 


Dy Dy Dy Dy Ds Dg 


0, 02 03 0% 05 % 


TL/F/9877-7 


Connection Diagrams 
24-Pin DIP 


onan Dune wn = 


24-Pin Quad Cerpak 
Dg DEs E Veg DE, DE, 


nation supply is —2.0V and thus present a high impedance 
to the data bus. 


Features 

m 50% power reduction of the 100123 
@ 2000V ESD protection 

m —4.2V to —5.7V operating range 

@ Drives 250. load 


| PinNames | Description 


Data Inputs 


Dual Enable Inputs 
Common Enable Input 
Data Outputs 





28-Pin PCC 
Dy Dz D3 Vers O3 Vecg 02 


Ho ws) 


24 23 22 21 20 19 


7 8 9 10 1 12 


4 VocaYec Veca 91 Yeca 


TL/F/9877-3 


[21] [22] 23} 
Ds Dy % VeesYeca%s Veca 
TL/F/9877-2 


TL/F/9877-4 
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Logic Diagram 


rae 
= 
= 
= 


i 
i 6 


TL/F/9877-1 


Truth Table 


Cutoff Cutoff 
Cutoff Cutoff 
Cutoff H 
H Cutoff 
H H 
Cutoff Cutoff 
Cutoff H 
H Cutoff 
H H 


L 
X 
X 
X 
X 
H 
H 
H 
H 


ocssee|R 
ereeecrn 





X 
L : 
H 
L 
H 
L 
H 
L 
H 


H = High 

Cutoff = Lower-than-LOW state 
L = Low 

X = Don't Care 
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€cE001 


100323 


Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales C. 
; npnee es eee wa ase Temperature 
Office/Distributors for availability and specifications. Coriercial 0°C to +85°C 


Storage Temperature —65°C to + 150°C Military —55°C to +125°C 


Maximum Junction Temperature Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 


Plastic + 150°C 
Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Vee to +0.5V 
Output Current (DC Output High) : ~—50mA 
ESD 22000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 


DC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Conditions 
Vin Input HIGH Voltage mV_ | Guaranteed High Signal for ALL Inputs 
VIL Input LOW Voltage — 1830 Guaranteed Low Signal for ALL Inputs 


Output HIGH Voltage | —1025 Vin = Vin (max) OF Vit (min) | Loading with 252 to 
—2.0V 

VoHc Output HIGH Voltage Vin = VIH (min) OF ViL (max) | Loading with 259 to 
—2.0V 


lie Input LOW Current 
lH Input HIGH Current Vin = ViH (max) 
lEE Power Supply Current Inputs Open 


Note 3: The specified limits represent “worst case” values for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
VEE = —4.2V to —5.7V, Voc = Voca = GND 


Te = — a = +85 
Propagation Delay tea 3.60 1.90 3.60 2.00 ieee 80 
Data to Output 1.30 2.70 1.30 2.70 1.50 2.70 
Propagation Delay 1.90 3.60 1.90 3.60 2.00 3.90 
Dual Enable to Output 1.60 3.00 1.60 3.00 1.70 3.40 


Vin = Vit (min) 


Voiz | Cut-Off LOW Voltage Ld Vin = Vint (min) OF Vi (max | Loading with 250 to 
—2.0V 


Conditions 


Figures 1 and 2 
Propagation Delay 1.80 3.50 1.80 3.50 2.00 3.80 
Common Enable to Output 1.50 2.90 1.50 2.90 1.60 3.00 


Transition Time 0.50 1.80 0.50 1.80 0.50 1.80 
20% to 80%, 80% to 20% 0.35 1.40 0.35 1.40 0.35 1.40 
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Commercial Version (continued) 
PCC and Cerpak AC Electrical Characteristics 


Ver = —4.2V to —5.7V, Voc = Voca = GND 


Te=+25°¢ | To= +85 

renee eee oe 
Propagation Delay 1.90 3.40 1.90 3.40 2.00 3.60 
Data to Output 1.30 2.50 1.30 2.50 1.50 2.70 
Propagation Delay 1.90 3.40 1.90 3.40 2.00 3.70 
Dual Enable to Output 1.60 2.80 1.60 2.80 1.70 3.00 


Conditions 


Figures 1 and 2 


Propagation Delay 1.80 3.30 1.80 3.30 2.00 3.60 
Common Enable to Output 1.50 2.70 1.50 2.70 1.60 2.80 


Transition Time 0.50 1.70 0.50 1.70 0.50 1.70 
20% to 80%, 80% to 20% 0.35 1.30 0.35 1.20 0.35 1.30 
Note: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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100323 





Military Version—Preliminary 


DC Electrical Characteristics ; 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Parameter - | Min | Conditions: 


Output HIGH Voltage | - 1025] —870| mV | O°Cto +125°C [Vin = Vin (max) . | Loading with 
(max) 
|—1085| —870 oF VIL (min) _ [250 to —2.0V 


Output HIGH Voltage | — 1035 0°C to + 125°C 

— 1085 Vin = Vila in - | Loading with 
Output LOW Voltage ~1610 o°Cto +125°C | OF VIL (max) 250 to —2.0V 
Cut-Off LOW Voltage |_| °C to +125°C [Vin = Vin (min) -| Loading with 


Cc 
m 
Input HIGH Voltage 4165| —870| m 55°C to + 125°C Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage —1830| —1475| m 55°C to +125°C Guaranteed LOW Signal 

for All Inputs 


Cc 
—55° 
Input LOW Current | os0| | pa | —55°C to + 125°C} Veg = 4.2V, Vin = VIL (min) 
Input HIGH Current al 240 O°Cto + 125°C | Vee = —5.7V, Vin = Vin (max) 


Power Supply Current Inputs Open 
Vee = —4.2V to —4.8V 
VeE = —4.2V to —5.7V 


V 
V 
V 


—55°C to + 125°C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/VoL- 
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Military Version—Preliminary (Continueg) 


AC Electrical Characteristics—All Packages 


VeE = —4.2V to —5.7V, Voc = Voca = GND 


To = —55°C Te = +25°C To = + 125°C 


Propagation Delay 1.70 
Data to Output 1.10 
Propagation Delay 1.70 
Data Enable to Output 1.40 
Propagation Delay 1.60 
Common Enable to Output 1.30 
Transition Time 0.40 
20% to 80%, 80% to 20% 0.25 


4.00 
3.10 


4.00 
3.40 


3.90 
3.30 


2.20 
1.80 


1.70 
1.10 


1.70 
1.40 


1.60 
1.30 


0.40 
0.25 


4.00 
3.10 


4.00 
3.40 


3.90 
3.30 


2.20 
1.80 


1.80 
1.30 


1.80 
1.50 


1.80 
1.40 


0.40 
0.25 


Figures 1 and 2 


Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 2: Conditions for testing shown in the tables are chosen to guarantee operation under “‘worst case” conditions. 


Test Circuitry 


PULSE 
GENERATOR 


TL/F/9877-5 


FIGURE 1. AC Test Circuit 
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Notes: 

Veo. Veca = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 yzF from GND to Voc and Veg 
All unused outputs are loaded with 259 to GND 
CL = Fixture and stray capacitance < 3 pF 


Pin numbers shown are for flatpak; for DIP see 
logic symbol 





€z€001 





100323 


Timing Waveform 


OUTPUT 


ice 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9877-6 





Za National 


Semiconductor 
100324 


Low Power Hex TTL-to-ECL Translator 


General Description 

The 100324 is a hex translator, designed to convert TTL 
logic levels to 100K ECL logic levels. The inputs are com- 
patible with standard or Schottky TTL. A common Enable 
(E), when LOW, holds all inverting outputs HIGH and holds 
all true outputs LOW. The differential outputs allow each 
circuit to be used as an inverting/non-inverting translator, or 
as a differential line driver. The output levels are voltage 
compensated over the full —4.2V to —5.7V range. 

When the circuit is used in the differential mode, the 
100324, due to its high common mode rejection, overcomes 
voltage gradients between the TTL and ECL ground sys- 
tems. The Veg and Vr7_ power may be applied in either 
order. 

The 100324 is pin and function compatible with the 100124 
with similar AC performance, but features power dissi- 


Ordering Code: See Sections 
Logic Diagram 


E 


De 
D3 
D, 


Ds 
TL/F/9878-4 


Connection Diagrams 


24-Pin DIP/SOIC 


oanont Oo WM em WwW HE 


E8888 
oe oe 
Dy Dz Qo Vees Qq O; Q, 


TL/F/9878-1 


28-Pin PCC 


Ds Q5 Os Vers 4 Oy Os 
OHOeBOwe 


pation roughly half of the 100124 to ease system cooling 
requirements. 


Features 

g Pin/function compatible with 100124 
m@ Meets 100124 AC specifications 
mw 50% power reduction of the 100124 
m Differential outputs 

@ 2000V ESD protection 
m@ —4.2V to —5.7V operating range 

m@ Available to MIL-STD-883 

g@ Available to industrial grade temperature range 


Data Inputs 
Enable Input 


Data Outputs 
Complementary 
Data Outputs 





24-Pin Quad Cerpak 
Do Vw E Vee Os D4 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q2 Qo Vee VecaVeca Q3 
TL/F/9878-2 


TL/F/9878-3 
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PoeOol 


100324 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales i TOMS esate (Tc) j ‘ 

Office/Distributors f ilabilit d ificati Commercial 0°C to + 85°C 
ice/Distributors for availability and specifications. industial ~40°C to + 85°C 


Storage Temperature (Tstq) —65°C to + 150°C Military —55°C to +125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 
Plastic + 150°C 


Vee Pin Potential to Ground Pin ~7.0V to +0.5V 
Vtt_ Pin Potential to Ground Pin —0.5V to +6.0V 
Input Voltage (DC) —0.5V to +6.0V 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) =2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional! operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3), Vi7L = +4.5V to +5.5V 


Symbol Parameter | Min | Typ 
5. 


Conditions 


| Max | 
be etl 
| = 1610 | 


— 1610 
ees 


20 

1.0 
22 
8 


Vou 
Vou =1708 
Vouc 
Vouc 


Vin =VIH (Max) Loading with 


my or ViL (Min) 500. to —2.0V 


Vin = Vin(Min) Loading with 
or ViL (Max) 502 to —2.0V 


Guaranteed HIGH 
Signal for All Inputs 


Guaranteed LOW 
Signal for All Inputs 


lin = —18mA 


ViH Input HIGH Voltage 


VIL Input LOW Voltage 


Input HIGH Current 
Data 
Enable 


Vin = +2.4V, 
All Other Inputs Vin = GND 


Vin = +5.5V, 
All Other Inputs = GND 


Input Clamp Diode Voltage 


Input HIGH Current 
Breakdown Test, All Inputs 


Input LOW Current 
Data 
Enable 


Vee Power Supply Current —70 


TTL Vtt_ Power Supply Current 


Vin = +0.4V, 
All Other Inputs Vin = Vin 





Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘‘worst case” conditions. 


m 
m 
m All Inputs Viy = +4.0V 


V 
V 
Vv 
V 

pA 

A 

mA 

A 

mA All Inputs Vij, = GND 


—4 
5 
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Commercial Version (continued) 


DIP AC Electric Characteristics 
Vee = —4.2V to —5.7V, Veco = Voca = GND, VrtL = +4.5V to +5.5V 


Parameter Te = + 25°C To = +85°C 
Propagation Delay ! Max | 
Data and Enable to Output 0.50 3.00 0.50 2.90 0.50 3.00 
Transition Time Sus a hae (as ae me 


20% to 80%, 80% to 20% 
SOIC, PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Vrr_ = +4.5V to +5.5V 


Parameter 


Propagation Delay 
Data and Enable to Output 


p2eool 


Conditions 


Figures 1 and 2 


Conditions 


Figures 1 and 2 


Transition Time 


20% to 80%, 80% to 20% 1.70 0.45 1.70 0.45 1.70 


PCC Only 
(Note 1) 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PCC Only 
(Note 1) 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


a 
7 


PCC Only 
(Note 1) 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


PCC Only 
(Note 1) 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHL), or LOW to HIGH (tos:y), or in opposite directions both 
HL and LH (tost). Parameters togt and tpg guaranteed by design. 
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100324 





industrial Version 


PCC DC Electrical Characteristics (note) 
VeE = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C, Viz_ = +4.5V to +5.5V 


Tc = —40°C Tc = 0°C to + 85°C 
Symbol Parameter 
0 8 


Conditions 


VoH Output HIGH Voltage —1085  -870 —1025 —870 Vin = Vin (Max) | Loading with 
mV or Vi cai 502 to —2.0V 

VoL Output LOW Voltage —1830 —1575 — 1830 — 1620 IL (Min) ; 

VoHC Output HIGH Voltage 

Votc Output LOW Voltage —1610 


Signal for All Inputs 


Input Clamp Diode Voltage lin = —18mA 


iN HIGH Current : Vin = +2.4V, 

Enable 120 pA | All Other Inputs Vin = GND 
Input HIGH Current 4.0 a Vin = +5.5V, 

Breakdown Test, All Inputs : All Other Inputs = GND 


Input LOW Current _ 
Data Vin = +0.4V, 


Ena 5.4 54 mA | All Other Inputs Vin = Vin 


Vee Power Supply Current —70 —22 —70 —22 All Inputs Vin = +4.0V 
Vtt_ Power Supply Current aa a eee ee mA_ | All inputs Vij = GND 


Vin = Vin(Min) | Loading with 
or VIL (Max) 502 to —2.0V 


a 


Guaranteed HIGH 
Signal for All Inputs 


Vit Input LOW Voltage Guaranteed LOW 


Note: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


PCC AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, VrrL = +4.5V to +5.5V 


Parameter Conditions 


Propagation Delay 0.50 2.80 0.50 2.70 0.50 2.80 Figures 1 and 2 
Data and Enable to Output : : . : : ; 2 
‘Transition Times 035 180 | 045 170 | 045 1.70 fons 


20% to 80%, 80% to 20% Fee SNe 
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Military Version 


yceool 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to +125°C, VrtL = +4.5V to +5.5V 


Symbol Conditions Notes 


Vir Input HIGH Voltage 
Vit Input LOW Voltage 


Ite Input HIGH Current 
Breakdown Test 


Ne Input LOW Current 
Data 
Enable 


Vecp Input Clamp 
Diode Voltage 

lEE Vee Power _70 
Supply Current 


T 

o°c to + 125°C 
— 55°C 

0°C to + 125°C 
—55°C 

O°C to + 125°C 
—55°C 

O°C to + 125°C 
—55°C 

—EeCw +1250 eee 

“ESC +1250 cage 


—55°C to + 125°C } Vin = +7.0V 


es : sci i : j 
—55°C to +125°C | [IN = ~18mA 1,2,3 
55°C to +125°C All Inputs Viy = +4.0V 1,23 
—55°C to +125°C | Al! Inputs Vin = GND 1,2,3 


i?) 


Vin = Vin (Max) | Loading with 
or Vi. (Min) 50 to —2.0V 


Vin = Vin (Max) | Loading with 


or Vit. (Min) 5020 to —2.0V 


—1610 V 





> 


pA 


mA 





Vv 


mA 


mA 


= 


| = I ft 
° @}|o 
rs) IN 
alo}]oO]?o 


TTL Viti Power 
Supply Current 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL- 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, VTL = +4.5V to +5.5V 


Te = —55°C Te = +25°C To = +125°C 
Parameter E e S 


Propagation Delay 0.50 3.00 | 050 290 | 030 3.30 
Data and Enable to Output ; 

ea Figures 1 and 2 
Tension ime 0.35 180] 045 1.80 | 0.45 1.80 js | 


20% to 80%, 80% to 20% : 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and -—55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C, and --55°C temperature (design characterization data). 
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Switching Waveform 


2.5+0.3 ns—> <— 2.5+0.3 ns 


COMPLEMENT 


OUTPUT tery 


Test Circuit 


Tl ae) 
eS 
een 

IH 

Oo 
= 
7 





PULSE 
GENERATOR 


R 


O 
-4V 


FIGURE 2. AC Test Circuit 
Notes: 
Voc, Voca = OV, Vee = —4.5V, ViTL = +5.0V, Vin = +3.0V 
Li, L2 and L3 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Vcc; Vee and VttL 
All unused outputs are loaded with 502 to —2V or with equivalent ECL terminator network 
C, = Fixture and stray capacitance < 3 pF 
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* TL/F/9878-6 


Fess eee ee HH 4 
: ami: S/H 
i} 
I 
| 


Ry 


ECL 
TERMINATOR 
-4V NET 


500 





ZA National 


Semiconductor 


100325 


SZE00! 


Low Power Hex ECL-to-TTL Translator 


General Description 


The 100325 is a hex translator for converting F100K logic 
levels to TTL logic levels. Differential inputs allow each cir- 
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Vee for single-ended operation, or for use in Schmitt trigger 
applications. All inputs have 50k. pull-down resistors. 
When the inputs are either unconnected or at the same 
potential the outputs will go low. 


When used in single-ended operation the apparent input 
threshold of the true inputs is 20mV to 40mV higher (posi- 
tive) than the threshold of the complementary inputs. The 
Vee and Vrt,_ power may be applied in either order. 


Ordering Code: see Section 6 


Logic Diagram 


TL/F/9879-4 


Connection Diagrams 


Features 

Pin/function compatible with 100125 

Meets 100125 AC specifications 

50% power reduction of the 100125 
Differential inputs with built in offset 

Standard FAST® outputs 

2000V ESD protection 

—4.2V to —5.7V operating range 

Available to industrial grade temperature range 
Available to MIL-STD-883 


[Finance | Beserintion 


Data Inputs 


Inverting Data Inputs 
Data Outputs 





24-Pin DIP/SOIC 28-Pin PCC 24-Pin Quad Cerpak 
Dy Dy Dy Vers Dg Dy Q Dy Ds Ds Ver Veg D2 


ooaonoonuwr wn = 


no —~ Oo 


TL/F/9879~1 





Ooo @) Ce ) 
[el de had) 


24 23 22 21 20 19 


7 8 9 10 11 12 


Dy Ds Ds Vers Q5 Q4 Q3 Vat Vir Yee Voc 82 


TL/F/9879-3 TL/F/9879-2 





100325 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


lf Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°C to +85°C 
Office/Distributors for availability and specifications. Industrial —A0°C to +85°C 


Storage Temperature (Tsta) —65°C to + 150°C Military —55°C to + 125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Vee) —5.7V to —4.2V 
Ceramic +175°C 
Plastic +150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Vtt_ Pin Potential to Ground Pin —0.5V to +6.0V 
Input Voltage (DC) Veg to +0.5V 


Voltage Applied to Output 
in HIGH State (with Voc = OV) —0.5V to Voc 


Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


ESD (Note 2) - >2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = GND, VrqL = +4.5V to 5.5V, To = 0°C to + 85°C (Note 3) 


Symbol | Parameter |_—oMin__| Typ | Max Conditions 
Output Reference Voltage — 1380 — 1320 —1260 mV lvep = —2.1 mA 
Guaranteed HIGH Signal for All Inputs 


Single-Ended Input 1165 
HIGH Voltage (with One Input Tied to Vpp) 
Single-Ended Input — 1890 Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vgp) 

Vox | OutputHIGHVoltage | 25 | | 

VoL Output LOW Voltage ae 


2.5 
VbIFF Input Voltage Differential fe iGo; ie 
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Commercial Version (continued) 


Sce00l 


DC Electrical Characteristics (Continued) 
Vee = —4.2V to —5.7V, Vcc = GND, VrtL = +4.5V to 5.5V, To = 0°C to +85°C (Note 3) 


Symbol Conditions 


NH Vin = VIH (Max) Do-Ds = Ves, 
Do-Ds = Vit (Min) 
Vin = Vit (Min Do-Os = Vep 

Vout = GND" 

Do-Ds = Ves 

| VrrPowerSupply Current | |_ 45 | 65 | mA_|Dg-Ds = Vou 


*Test one output at a time. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = GND, Vrt_ = +4.5V to +5.5V 


Propagation Delay CL = 15 pF 
Data to Output 0.80 3.50 0.90 3.70 1.00 4,00 jas | Figures 1 and 2 
Propagation Delay C. = 50 pF 

Data to Output 1.60 4.30 1.70 4.50 1.80 4.80 ns Figures 1 and 3 


Conditions 


SOIC, PCC and Cerpak AC Electrical Characteristics 


VEE = —4.2V to —5.7V, Voc = GND, VrtL = +4.5V to +5.5V 
Te= +250 | To= +85°C | 
eee | Min Max | Min Max | Min Max_| ceetia 
Propagation Delay 0 0 Cy = 15 pF 
Data to Output Figures 1 and 2 


Propagation Delay CL = 50 pF 


.80 3.30 .90 3.50 
Data to Output 1 ale she ices , ; Figures 1 and 3 


Maximum Skew Common Edge PCC Only 
Output-to-Output Variation , : (Note 1) 
Data to Output Path 


Maximum Skew Common Edge PCC Only 
Output-to-Output Variation : . (Note 1) 
Data to Output Path 


Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation : : . (Note 1) 
Data to Output Path 


Maximum Skew PCC Only 
Pin (Signal) Transition Variation ; ‘ A (Note 1) 
Data to Output Path 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosprt), or LOW to HIGH (tosLH), or in opposite directions both 
HL and LH (tos7). Parameters tosy and tps guaranteed by design. 
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100325 


‘Industrial Version 


PCC DC Electrical Characteristics (note) 
Vee = —4.2V to —5.7V, Voc = GND, To = —40°C to + 85°C 


To = —40°C Tc = 0°C to + 85° 
Symbol! Parameter 


VeB 
Vin 


ViL 


VoH 
VoL 
VDIFF 
Vom 
Ts 


Ne 
los 
lee 
IT 


Conditions 


Output Reference Voltage —1395 —1255 — 1380 —1260 | mV |lyep = —2.1 mA 


Single-Ended Input ze = z _ Guaranteed HIGH Signal for All Inputs 
HIGH Voltage ite) ane ree 870 | MY | with One Input Tied to Vag) 
Single-Ended Input _ - - 

LOW Voltage 1830 1480 1830 1475 | mV 


Guaranteed LOW Signal for All Inputs 
(with One Input Tied to Vgp) 

OurpurHiGHvotage | 25 | lo = -2.0mA Nin = Vin an 

ourpurtowvotage | os | | lg = 20ma OTE 

V_ |Required for Full Output Swing 

0 


Input HIGH Current 450 95 ih VIN = VIH (Max) Do-Ds = Ves, 
Do-Ds = Vit (min) 


Input LOW Current BA {Vin = Vit (Min); Do-Ds = Ves 


Output Short-Circuit Current] —150 —60 — 150 —60 Vout = GND* 
Vee Power Supply Current —37 —15 —37 —-17 Do-Ds = Ves 


Do-Ds = VeB 


Vtt_ Power Supply Current 


‘Test one output at a time. 

Note: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


PCC AC Electrical Characteristics 


VeE = —4.2V to —5.7V, Voc = GND, ViT_ = +4.5V to +5.5V 


To = —40°C 
Parameter Conditions 


Propagation Delay C_ = 15 pF 
Data to Output vee sca , : : : Figures 7 and 2 


Propagation Delay 
Data to Output eo ae : : : : Figures 1 and 3 
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Military Version 


ScEO0! 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C, CL = 50 pF, Vr7_ = +4.5V to +5.5V 


Symbol] __Parameter_—| Min | Max |units| Te __—|_— Conditions| Notes 


V Output Reference Voltage - | —3 pA, Veg = —4.2V 
pe e ? 12a rao 12a rao Octo +125°C |YB8— een rae ee 


a = —2.1mA 


—1396| — 1260 | sec vee = —3mA | = —-3mA 
Input HIGH Voltage —1165| —870| mv | —55°C to +125°C Guaranteed HIGH Signal for All Inputs 1,2,3,4 
(with One Input Tied to Vga) 
VIL Input LOW Voltage ~1830| —1475| mv | —55°Cto + 125°C Guaranteed LOW Signal for All Inputs 1,2,3,4 
(with One Input Tied to Vgp) 


VouH Output HIGH Voltage 0°C to + 125°C 
—55°C 


| Vor Output LOW Voltage Eee nea —55°C to + 125°C ion =20mA = 20mA 


Voirr | Input Voltage Differential — 55°C to Required for Full Output Swing 
150 mV + 125°C 


Vom Common Mode aera | ~2000| —500 cee 1,2,3,4 


iceman HIGH Current 0°C to + 125°C VIN = = VI (Max) Do-Ds = Ves, 


[inputLOW Current | LOW Current | sf — 55°C to + 125°C} Vin = Vit (Min), Do-Ds5 = Vea 

Output Short Circuit ” = on}Yout = GND 

a EO EIEE 2G to * T2SIC [Test One Output ata Time 

Output HIGH c| Vout = 5.5V 123 
Leakage Current gs 


Vee Power Supply Current —§5°C to + 125°C | Do-Ds = Veg 1,2,3 
ITTL Vtt_ Power Supply Current ese —55°C to + 125°C | Do-Ds = Vep 1,2,3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL. 


Vin = Vin (Max) 
aa VIL (Min) 





AC Electrical Characteristics 
VeE = —4.2V to ~5.7V, Voc = GND, VL = +4.5V to +5.5V 


CL = 50 pF 
Figures 1 and 3 





cS Conditions 


Propagation Delay 
: 00 .60 .70 .70 .70 
Data to Output ie me as ‘ : 2 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at + 25°C, + 125°C, and — 55°C temperature (design characterization data). 
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Switching Waveform 


0.7+0.1 ns 0.70.1 ns 
—0.95V 


ATTENUATED 
OUTPUT 


FIGURE 1. Propagation Delay 


Test Circuits 


; nT “4 


PULSE 
GENERATOR 


Notes: 

Voc = OV, Veg = —4.5V, VrTL = +5V 

L1 and L2 = equal length 50 impedance lines 
Ry = 502 terminator internal to scope 

Decoupling 0.1 »F from GND to Vcc, Veg and Viti 
All unused outputs are loaded with 500 to GND 
C_ = Fixture and stray capacitance = 15 pF 


FIGURE 2. AC Test Circuit for 15 pF Loading 
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TL/F/9879-6 


TL/F/9879-5 





Test Circuits (Continued) 


Vote Ce | 


Sceo0ol 


: 
r 
Voc 


Vee 


PULSE 
GENERATOR 


TL/F/9879-8 


Notes: 

Voc = OV, Vee = —4.5V, ViTL = +5V 

L1 and L2 = equal length 50M impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 nF from GND to Voc, Veg and Viti 
All unused outputs are loaded with 500 to GND’ 
C,, = Fixture and stray capacitance = 50 pF 


FIGURE 3. AC Test Circuit for 50 pF Loading 
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100328 


Semiconductor 


ZA National 


100328 
Low Power Octal ECL/TTL 


Bi-Directional Translator with Latch 


General Description 


The 100328 is an octal latched bi-directional translator de- 
signed to convert TTL logic levels to 100K ECL logic levels 
and vice versa. The direction of this translation is deter- 
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latches the data at both inputs even 
though only one output is enabled at the time. ALOW on LE 
makes the 100328 transparent. 


The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol- 
lowers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 


Ordering Code: see sections 
Logic Symbol 


To Ty Tz Ts Ty Ts > T7 


Eo Ey E Fs Fy Es bs Ey 


TL/F/10219-1 


Connection Diagrams 


24-Pin DIP/SOIC 


oan nner wn — 


= = 
nv =—- Oo 


TL/F/10219-2 


28-Pin PCC 


Ty Tz T3Vees Ty 15 Ts 
DoE wwwEI 
Giasa 





1 Bo El @a 23 Ba BS 
E, Ep EsVersEy Es Eg 


The 100328 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kf. pull-down resistors. 


Features 

m Identical performance to the 100128 at 50% of the 
supply current 

@ Bi-directional translation 

m 2000V ESD protection 

m Latched outputs 

mw FAST® TTL outputs 

m TRI-STATE® outputs 

m@ Voltage compensated operating range = 
—4.2V to —5.7V 

m Available to industrial grade temperature range 

m Available to MIL-STD-883 


| PinNames | Description 


ECL Data I/O 

TTL Data I/O 

Output Enable Input 
Latch Enable Input 
Direction Control Input 


All pins function at 100K ECL levels except for To~T7. 


24-Pin Quad Cerpak 
Eo LE Voc Vee Vm To 


a 24 23 22 21 20 19 


7 8 9 10 11 12 


Ez OE Vor Voc, DR Ty 


TL/F/10219-4 
TL/F/10219-3 
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8cE00l 


Dd 
ECL-TTL TTL 
SEE CEI TRANSLATOR PATCH OUTPUT BUFFER 


rt 


ECL TTL - ECL 
OuTPUT TRANSLATOR 


BUFFER 


LATCH 
ENABLE 


et 


OuTPUT 
ENABLE 


TL/F/10219-6 


at 


Truth Table 


LOW 
a 


| Input | 


LOW 
ttt con fete 


a 
Se Oe oT ae 
Pe ered [1 
a 


Note: LE, DIR, and OE ECL logic level 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Z = High Impedance 


sels 


(LE) LATCH ENABLE 


(DIR) ECL/TTL 
(OE) OUTPUT ENABLE 





Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 
Note 4: Latch is transparent. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstaq) —65°C to + 150°C 
Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 
Vee Pin Potential to 
Ground Pin 
VttL Pin Potential to 
Ground Pin 
ECL Input Voltage (DC) 
ECL Output Current 
(DC Output HIGH) 
TTL Input Voltage (Note 3) —0.5V to +6.0V 
TTL Input Current (Note 3) —30 mA to +5.0mA 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 


+175°C 
+ 150°C 


—7.0V to +0.5V 


—0.5V to +6.0V 
Veg to + 0.5V 


—50 mA 


Commercial Version 


Voltage Applied to Output 

in HIGH State 

TRI-STATE Output 
Current Applied to TTL 

Output in LOW State (Max) 
ESD (Note 2) 


—0.5V to +5.5V 


Twice the Rated Io, (mA) 
=2000V 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 
ECL Supply Voltage (Veg) 
TTL Supply Voltage (VtTL) 


0°C to +85°C 
— 40°C to + 85°C 
— 55°C to + 125°C 


—5.7V to —4.2V 
+4.5V to +5.5V 


TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Vcoca = GND, To = 0°C to + 85°C, Viz = +4.5V to +5.5V (Note 4) 


Symbol | Parameter | Min | Typ | Max__| Units _| 


Conditions 


Vou Output HIGH Voltage | _ —1025 ae Pm Vin = Vinten OF Vitti 


VoL Output LOW Voltage — 1830 —1705 — 1620 


Output HIGH Voltage 1035 
Corner Point High 


Cutoff Voltage 





Loading with 509 to — 2V 


OE or DIR Low, 
Vin = Vin(Max) OF ViL(Min), 
Loading with 509 to —2V 


Vin = Vin(min) OF Vit(Max) 
Loading with 509 to —2V 


Output LOW Voltage 4610 
acne Point Low 


Input HIGH | input HIGH Voltage —_| 


input LOW Voltage eee 


Over VTL, Vee, Tc Range 
Over VrtL, Vee, Tc Range 


inputtiGH Current | || 0 || = 4 22V 


Breakdown Test ap 


Vin = +5.5V 


Input LOW Current a Vin = +0.5V 


Input Clamp 
Diode Voltage 


— 159 —75 mA 
— 169 —75 


Vee Supply Current 





lin = —18mA 


LE Low, OE and DIR High 
Inputs Open 

Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


Note 4: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 





Commercial Version (continued) 
ECL-to-TTL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = 0°C to + 85°C, CL = 50 pF, Viti = +4.5V to +5.5V (Note) 


8cE00l 


Conditions 


loo = —3 MA, Vet, = 4.75V 
loH = —3MA, VrTL = 4.50V 


lo. = 24 mA, VrtTL = 4.50V 
Guaranteed HIGH Signal for All Inputs 


Symbol Parameter 
VOH Output HIGH Voltage 


VoL Output LOW Voltage 
Input HIGH Voltage 
Input LOW Voltage 
Input HIGH Current 
Input LOW Current 


lOZHT TRI-STATE Current = 
Output High Vout ed¥ 


lozLT TRI-STATE Current _ - ; 
Output Low 700 pA Vout = +0.5V 
Output Short-Circuit - - 


Vit Supply Current 74 mA TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRISTATE 


Guaranteed LOW Signal for All Inputs 
Vin = Vin (Max) 
Vin = Vit (Min) 


prep = | 





DIP TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VTL = +4.5V to +5.5V, Voc = Voca = GND (Note) 


symbol ee ares 


tPLH Tn to Eq 
tpHL (Transparent) Figures 1 & 2 
tPHL 
tpzH OE to E, 

(Cutoff to High) 6 4.4 Figures 1 & 2 
tpHz OE to E, 

(High to Cutoff) 4.5 : Figures 1 & 2 
tpHz DIR to E, 

“ to Cutoff) Figures 1&2 
2. 


tht 
tow(H) Pulse Width LE Figures 1&2 


4.3 
1 : 
tTLH Transition Time ; 
bar 20% to 80%, 80% to 20% 0.6 1.6 0.6 1.6 Figures 1 & 2 


Note: The specified limits represent the “‘worst’’ case value for the parameter. Since these values normally occur at the temperature extremes, additiona! noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “‘worst case” conditions. 


Figures 1&2 


sa — | Figures 1 & 2 
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Commercial Version (continued) 
DIP ECL-to-TTL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VrTL = +4.5V to +5.5V, Voc = Voca = GND, CL = 50 pF 


To = 25°C To = 85°C 


tPLH 
tPHL 


tPLH 
tPHL 


tpzH 
tpzL 


tpHz 
tpLz 


tpHz 
tpLz 


tset 


thold 
tow(H) 


E, to Th 
(Transparent) 


OE to Ty 
(Enable Time) 
OE to Ty, 
(Disable Time) 
DIR to Ty 
(Disable Time) 


E, to Le 
Pulse Width LE 


3.1 7.2 


3.4 8.45 
3.8 9.2 
8.95 
7.7 
2.7 8.2 
2.8 7.45 


3.2 
3.0 


2.4 5.6 
3.1 7.2 
3.7 8.95 


4.0 9.2 


3.3 8.95 
3.4 8.7 


2.8 8.7 
3.1 7.95 
1 
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3.3 7.7 
4.0 9.7 


4.3 9.95 


3.5 9.2 
4.1 9.95 


3.1 8.95 
4.0 


© 
nh 


Conditions 


Figures 3&4 


Figures 3&4 


Figures 3 &§ 


Figures 3 &§ 


Figures 3&6 


Figures 3 & 4 
Figures 3&4 
Figures 3 & 4 





SOIC, PCC and Cerpak TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VrzL = +4.5V to +5.5V 


Symbol 


tPLH 
tPHL 


tPLH 
teHL 


tpZH 
tpHz 


tpHz 


tset 
thold 
tow(H) 


tTLH 
tTHL 


toSHL 


tosSLH 


tost 


tos 


Parameter 


Th to En 
(Transparent) 


LE to Ep 


OE to Ey 
(Cutoff to High) 


OE to E, 
(High to Cutoff) 


DIR toE, 
(High to Cutoff) 


T, toLE 
T, toLeE 
Pulse Width LE 


=a |a 
olo 


Transition Time 
20% to 80%, 80% to 20% 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 





To = 0°C 


200 


200 


650 


Conditions 


Figures 1& 2 


Figures 1&2 


Figures 1 & 2 


Figures 1 & 2 


Figures 1 & 2 


Figures 1&2 
Figures 1 & 2 
Figures 1&2 


Figures 1 & 2 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tos), or LOW to HIGH (tos_y), or in opposite directions both 
HL and LH (tos). Parameters togt and tp, guaranteed by design. 
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Commercial Version (Continued) 
SOIC, PCC and Cerpak ECL-to-TTL AC Electrical Characteristics 


Veg = —4.2V to —5.7V, VTL = +4.5V to +5.5V, CL = 50 pF 


tPLH En toTh 
tepHL (Transparent) 


3 

tpLH LE to Tp 1 

tPHL 

tpzH OE to Ty 4 

tpzL (Enable Time) 8 0 4.0 9.0 4.3 9.75 
2 8.75 3.3 8.75 3.5 9.0 
0 
7 0 

8 


Conditions 


i) 
co) 


ul 
~] 


2 4 2.4 5.4 2.6 Figures 3 & 4 


™ 
a 


Figures 3 & 4 


8.25 3.7 8.75 4.0 9.5 


5. 
7.0 3.1 7.0 3.3 
9 Figures 3 & 5 


Figures 3 & & 


Figures 3&6 


3 
3. 
3. 
tpHz OE to Tp, 3. 
tpLz (Disable Time) 3. 7.5 3.4 8.5 4.1 9.75 
- tpyz DIR to Tp, 2. 8. 2.8 8.5 3.1 8.75 
tpiz (Disable Time) 2 
tat 


En 
fas 
tow(H) Pulse Width LE 


tosHL Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


7.25 3.1 7.75 4.0 : 


— 
S . 


Figures 3 & 4 
Figures 3 & 4 
Figures 3 & 4 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


tosLH Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PCC Only 
(Note 1) 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 


device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tgsp ), or LOW to HIGH (tgs-y), or in opposite directions both 
HL and LH (tosq). Parameters tos and tps guaranteed by design. 


Rip 
o]o 


PCC Only 
(Note 1) 
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Industrial Version 
PCC TTL-to-ECL DC Electrical Characteristics 


Ver = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to + 85°C, VizL = +4.5V to +5.5V (Note) 


= —gne = 1 + © 
VoH Output HIGH Voltage — 1085 ~-870 —1025 —870 Vin = ViH(Max) OF ViL(Min) 
VoL Output LOW Voltage 1830 —1575 | —1830 ~1620 | m Loading with 509 to —2V 


Cutoff Voltage OE or DIR Low, 
—1900 — 1950 mV Vin= Vin(Max) OF Vit(Min): 
Loading with 509 to —2V 
VoHC Output HIGH Voltage ~ 1095 1035 mV Vin = Vin(Miny OF Vit(Max) 
Corner Point High Loading with 502 to —2V 
VoLc Output LOW Voltage — 1565 1610 mV 
Corner Point Low 
VIH Input HIGH Voltage 2.0 5.0 2.0 5.0 Over VrtL, VEE, Tc Range 
Vi___|_ Input LOW Voltage Over Vir, Vee, To Range 
lin ___| Input HIGH Current Vin = +2.7V 
Breakdown Test Poo | tm | = + 8.8V 


mA 
n Input LOW Current Vin = +0.5V 


lee Vee Supply Current LE Low, OE and DIR High 
Inputs Open 

Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


8z2E€001 








PCC ECL-to-TTL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = —40°C to + 85°C, CL = 50 pF, VTL = +4.5V to +5.5V (Note) 


Symbol Parameter Teste Te = Octo ses unt Conditions 


| Min Max | Min Max _| 
2.4 2.4 V lon = —3 MA, VTL = 4.50V 
VoL Output LOW Voltage a ee ee lo, = 24 mA, VttL = 4.50V 
Vin Input HIGH Voltage Guaranteed HIGH Signal for All Inputs 
Input LOW Voltage Guaranteed LOW Signal for All Inputs 
Input HIGH Current Vin = Viny (Max) 


Input LOW Current . Vin = Vin (Min) 
loZHT TRI-STATE Current 
Output High 
lozLT TRI-STATE Current 
Output Low 


Output Short-Circuit 
Current 


VttL Supply Current TTL Outputs LOW 


TTL Outputs HIGH 
TTL Outputs in TRISTATE 


Vout = +2.7V 





Vout = +0.5V 


Vout = 0.0V, VitL = +5.5V 


Note: The specified limits represent the “‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Industrial Version (continued) 
PCC TTL-to-ECL AC Electrical Characteristics 


VEE = —4.2V to —5.7V, VITL =.+4.5V to +5.5V 


symbol pajanweies To = -40"e 


Conditions 


tPLH Ty to Ep 
tPHL (Transparent) 


tPLH LE to E, 
tPHL 


tp7H OE to E, 
(Cutoff to High) 


Figures 1 & 2 
Figures 1&2 


Figures 1&2 


tpHz OE to Ey 
(High to Cutoff) 


tpHz DIR to E, 
(High to Cutoff) 


tset Tp to LE 


it) | Pusewanue p28 20 


tTLH Transition Time 0 
tTHL 20% to 80%, 80% to 20% . 


PCC ECL-to-TTL AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Vit, = +4.5V to +5.5V, CL = 50 pF 


teLH EntoTn 23 5.4 2.4 5.4 2.6 57 
teHL (Transparent) 

teLH Beto 3.1 7.4 3.1 7.0 3.3 75 
TPHL 

ae OE to Tp 3.4 8.3 3.7 8.75 4.0 9.5 


tezL (Enable Time) 3.7 9.0 4.0 9.0 4.3 9.75 


tpyz OE to Ty 3.2 9.0 3.3 8.75 _ 3.6 9.0 
tpLz (Disable Time) 3.0 75 3.4 8.5. 4.1 9.75 


tpHz DIR to Tp 2.7 8.0 2.8 8.5 3.1 8.75 
tpLz (Disable Time) 2.8 7.3 3.1 7.75 4.0 9.0 


tset En to LE 
thoid E, to LE 
tow(H) Pulse Width LE 


= 85°C 
3.6 
3.7 
4.6 
4.4 Figures 1&2 
4.3 


Figures 1&2 


10" | Figures 1 & 2 
Figures 1 & 2 


1 
9 
7 
6 
7 
0 
0 
0 Figures 1 & 2 


1 
1 
1 
1 
1 
1 
1 
2 


Tc 
11 
1.7 
1.5 
1.6 
1.6 
1.0 
2.0 


1 
1 
1 
1 
2 


7 3.4 
2 4.0 
5 4.5 
6 44 
5 

4 2.3 


Figures 1&2 


Cc 
3.4 
3.5 
4.2 
4.3 
41 


Conditions 


Figures 3 & 4 
Figures 3 & 4 
Figures 3&5 
Figures3&5 


Figures 3 & 6 


Figures 3&4 
Figures 3 & 4 
Figures 3&4 


to 
a 
P| 
olo 
> 
°o 
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Military Version 
TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 126°C, Vit_ = +4.5V to +5.5V 


8Z€001 


Symbol 


Output HIGH Voltage 


— 1025 


—1085 
Output LOW Voltage 


— 1830 


Cutoff Voltage 


Output HIGH Voltage 


Output LOW Voltage 


Diode Voltage 


Vee Supply Current 











— 1620 


—1950 


0°C to 
+125°C 


—55°C 
0°C to 
+ 125°C 
—55°C 
0°C to 

+ 125°C 
—55°C 
0°C to 

+ 125°C 
—55°C 
0°C to 

+ 125°C 
—55°C 

—55°C to 
+ 125°C 
—55°C to 
+ 125°C 
—55°C to 
125°C 
~~ 55°C to 

+ 125°C 

— 55°C to 
+ 125°C 
—55°C to 
+ 125°C 


—870 


Vin = Vin (Max) 
or Vi. (Min) 
Loading with 
50 to —2.0V 


OE or DIR Low 


Vin = Vin (Min) 
or Vi_ (Max) 


Loading with 
5000 to —2.0V 





Over VrtL, Vee, Tc Range 1,2,3,4 


Over VttL, Vee, Tc Range 1,2, 3,4 


Vin = +2.7V 


Vin = +5.5V 


Vin = +0.5V 
lin = —18mA 


LE Low, OE and DIR High 
inputs Open 


Vee = —4.2V to —4.8V 
Vee = —4.2Vto —5.7V 
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Military Version (Continueg) 
ECL-to-TTL DC Electrical Characteristics 


Ver = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to +125°C, C, = 50 pF, VrzL = +4.5V to + 5.5V 


Symbol |__Gonditions__——|_ Notes 


Vou Output HIGH Voltage O°C to +125°C | Ion = —1MA, VrTL = 4.50V 
—55°C lon = —3mMmA, VrtL = 4.50V 

VoL Output LOW Voltage —55°C lol = 24mA, Vat = 4.50V 
+125°C 

Vin Input HIGH Voltage a — 55°C Guaranteed HIGH Signal 

| ace mat +125°C__| for All Inputs eri 
VIL Input LOW Voltage 4475 —55°C to Guaranteed LOW Signal 
Input HIGH Current 


== +125°C for All Inputs eae 
0°C to Vege = —5.7V 1.23 
+125°C Vin = Vin (Max) ne 
lie Input LOW Current ac 
lozut | TRI-STATE Current 
Output High 





1,2,3 


— 58°C to VeE = —4.2V 
loZLT TRI-STATE Current 
; Output Low 


+ 125°C Vin = Vit (Min) 
— 55°C to 
+ 125°C 
los Output Short-Circuit 
CURRENT 
TTL Vtt_ Supply Current 


—55°C to 

4426°C Vout = +0.5V 

—55°C to 

+125°C Vout = 90.0V, VrtL = +5.5V 


TTL Outputs Low 

TTL Output High 

TTL Output in TRI-STATE 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and +125°C, Subgroups, 1, 2 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and +125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 


TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Viq7L = +4.5V to +5.5V, Voc = Voca = GND 


= °C _ °C =+ J 
Tn toEn ed Figures 1 & 2 


—55°C to 
+ 125°C 


Ww) 
n 





(Transparent) 


OE to En 


(Cutoff to HIGH) s2 | ms | Figures 1 & 2 
OE to Ey 
(HIGH to Cutoff) =e Figures 1 & 2 
DIR to E, 
(HIGH to Cutoff) . Figures 1 & 2 


Ty to LE Figures 1&2 
Try to LE . Figures 1 & 2 
Pulse Width LE Figures 1 & 2 


Transition Time 
20% to 80%, 80% to 20% rigures 12 





Military Version (continueq) 
ECL-to-TTL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VrTL = +4.5V to +5.5V, Voc = Veca = GND, C, = 50 pF 


a oe °C = i = + °C 
To = +125°C tea 126 ne | Gandhine 


E, to Tp 

(Transparent) Gow fo = fe ote = 
OE to Ty 
(Enable Time) nr ve ee ee ae | Figures 3 & 5 


8cE00l 


OE to Tp 3.2 8.5 3.3 8.0 3.5 
(Disable Time) 8.0 3.4 75 414 a 0 Fs Figures 3&5 
DIR to Ty, Ge 2.6 7.0 a 
—_ Time) 3.1 7.0 . 6 Figures 3 & 6 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’’ specs which can be considered a worst case condition at cold temperatures. 





Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C and — 55°C temperature (design characterization data). 
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Test Circuitry (TTL-to-ECL) 


TTL INPUT FORCE/SENSE CIRCUIT TER SENSE nel 
(\ 502 COAX () 


3V 
ov jE Fre 


r 

1 

I 

1 

I 

I 

I 

I. r\ soacoax py 4908 cea, 
1 STIL v T (IN) 
1 

I 

1 

1 

I 

i 

I 

i 


“”n 
m 
°o 
Cc 


2:1 DIVIDER 


R 
T 
ene eS EQUIVALENT CIRCUIT FOR 


-2V/500 TERMINATION 
a 


TTL INPUT SENSE 
= 10:1 DIVIDER 


CIRCUIT = 5009 TO GROUND 


ECL INPUT FORCE/SENSE CIRCUIT 


FecL -1.71V 


a 509 COAX (/\ 


I ECL INPUT FORCE/SENSE I 
i] CIRCUIT t 


2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 
~AV -2V/502 TERMINATION 


TL/F/10219-7 


Note 1: Ry =502 termination. When an input or output is being monitored by a scope, R; is supplied by the scope’s 502 resistance. When an input or output is not 
being monitored, an external 502 resistance must be applied to serve as Ri. 


Note 2: TTL and ECL force signals are brought to the DUT via 50 coax lines. 
Note 3: Vr7_ is decoupled to ground with 0.1 F to ground, Veg is decoupled to ground with 0.01 ».F and Vcc is connected to ground. 
Note 4: For ECL input pins, the equivelent force/sense circuitry is optional. 


FIGURE 1. TTL-to-ECL AC Test Circuit 


Switching Waveforms (TTL-to-ECL) 


TTL DATA | x x X 


LATCH ENABLE 
DIRECTION CONTROL 


OUTPUT ENABLE 


tpuz tezu TL/F/10219--9 
FIGURE 2. TTL to ECL Transition—Propagation Delay and Transition Times 
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Test Circuitry (ECL-to-TTL) 


Veg = ~4.5V 


Ce ee el el ee le | 


TTL OUTPUT SENSE CIRCUIT 
+7V @—e 


LZ/ZL TRI-STATE PULL-UP 
5s00n 


Fr 

I 

I 

! 

I 

I 

' 4500 
1 

1 ri & 50M COAX 

1 

l Rr C, 
1 500 = F 
1 

] 

] 

I 

L 


10:1 DIVIDER 


I ECL INPUT FORCE/SENSE § 
I CIRCUIT I 


Be eee ee ee ee ee 


Vt, = 5V 
Yoo = OV 


ECL INPUT FORCE/SENSE CIRCUIT 


-0.95V 
Feot -1.71V _]- 


O 50 COAX (\ 


E (IN) 
T (OUT) 


2:1 DIVIDER 


eee EQUIVALENT CIRCUIT FOR 


-4V ~2V/50Q TERMINATION 


r 
I 
I 
I 
t 
I 
t 
I 
I 
J 
L 
t 
I 
I 
I 
I 
I 
L 


ECL INPUT FORCE/SENSE CIRCUIT 


-0.95V 
FecL -1.71V oa i 


a 502 COAX (\ 


2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 
-4V -2V/500 TERMINATION 


TL/F/10219-10 


Note 1: Ry =502 termination. When an input or output is being monitored by a scope, Rt is supplied by the scope’s 502 resistance. When an input or output is not 
being monitored, an external 509 resistance must be applied to serve as Ri. 


Note 2: The TTL Tri-State pull up switch is connected to +7V only for ZL and LZ tests. 
Note 3: TTL and ECL force signals are brought to the DUT via 502 coax lines. 
Note 4: Vr7, is decoupled to ground with 0.1 uF, Veg is decoupled to ground with 0.01 .F and Vcc is connected to ground. 


FIGURE 3. ECL-to-TTL AC Test Circuit 
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100328 


TL/F/10219-11 
Note: DIR is LOW, and OE is HIGH 
FIGURE 4. ECL-to-TTL Transition—Propagation Delay and Transition Times 


OUTPUT ENABLE 


TTL OUTPUT 


TTL OUTPUT 


Voy, (TTL) 
Note: DIR is LOW, LE is HIGH © TL/F/10219-14 
FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 


DIRECTION CONTROL 


TTL OUTPUT 


TTL OUTPUT 


Vor (TTL) 


Note: OE is HIGH, LE is HIGH TL/F/10219~15 
FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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Applications 


ADDRESSES 


SYSTEM CUTPUT DATA BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


SYSTEM ADDRESS BUS (ECL) 


100360 
PARITY 
GEN. 


WRITE DATA 
LATCH 


OE 
LE 
100328 


ADDRESS 
LATCH 


OE TTL 
tE 
100328 


100370 
DECODER 


WRITE CONTROL 
INPUT DATA STROBE 
ENABLE OUTPUT DATA 
MEMORY READ DATA LATCH STROBE 


100328 J parity 
ECL WRITE DATA 


LATCH 
DIR oTTh 


OE 
LE 


DATA 
0/P 


PARITY 
DATA 
\/P 


CACHE 
512 KBYTE 
MEMORY ARRAY 


PARITY 


DATA 0/P PARITY 


DATA 


CONTROL 
LATCH 


100328 


OE ECL 
LE 


100328 


100360 
PARITY 
CHECKER 


OUTPUT DATA 
LATCH 


OE 
LE 


100328 


SYSTEM INPUT DATA BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


TL/F/10219-12 


FIGURE 7. Applications Diagram—MOS/TTL SRAM Interface Using 100328 ECL-TTL Latched Translator 
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100329 


ZA National 


Semiconductor 


100329 


Low Power Octal ECL/TTL Bidirectional 


Translator with Register 


General Description 


The 100329 is an octal registered bidirectional translator 
designed to convert TTL logic levels to 100K ECL logic lev- 
els and vice versa. The direction of the translation is deter- 
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TTL 
outputs at a high impedance level. The outputs change syn- 
chronously with the rising edge of the clock input (CP) even 
though only one output is enabled at the time. 


The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol- 
lowers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces the termination power and prevents loss 
of low state noise margin when several loads share the bus. 


The 100329 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 


Ordering Code: see section 


Logic Symbol 
To Ty Tg Tz Ty Ts 1. T7 


TL/F/10583-1 


Connection Diagrams 


24-Pin DIP 


10 


oan DO &® WH DS = 


= = 
np = 


TL/F/10583-2 


28-Pin PCC 


Ty Tz T3Vees Ty 15 15 
HOO) 


a8 8 
sae eae ns 
Ey Ep EsVersy Es Eg 





and discharging highly capacitive loads. All inputs have 
50 k2Q. pull-down resistors. 


Features 

m Bidirectional translation 

@ ECL high impedance outputs 

m Registered outputs 

= FAST TTL outputs 

g@ TRI-STATE® outputs 

m Voltage compensated operating range = 
—5.7V 

@ Available to MIL-STD-883 


-4,2V to 


| PinNames | Description 


ECL Data 1/O 

TTL Data I/O 

Output Enable Input 
Clock Pulse Input 
(Active Rising Edge) 
Direction Control Input 


All pins function at 100K ECL levels except for To-T7. 


24-Pin Quad Cerpak 
Eg CP Voc Ver Vir. To 


24 23 22 21 20 19 


7 8 9 10 11 12 


Ey OE Voe Voc, DR Ty 


TL/F/10583-3 TL/F/10583-4 
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SEE DETAIL ECL-TTL TTL 
TRANSLATOR DEGISTER OUTPUT BUFFER 


ING 


OUTPUT TRANSLATOR 
BUFFER 


Tele 


OUTPUT 
ENABLE 


Te 


TL/F/10583-6 


(CP) CLOCK 


(DIR) ECL/TTL 
(OE) OUTPUT ENABLE 


DECODE 


Note: DIR and OE use ECL logic levels TL/F/10583-5 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

Z = High Impedance 

~~ = LOW-to-HIGH Clock Transition 
NC = No Change 


Note 1: ECL input to TTL output mode. 
Note 2: TTL input to ECL output mode. 
Note 3: Retains data present before CP. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstg) —65°C to + 150°C 
Maximum Junction Temperature (T}) 
Ceramic 
Plastic 
Vee Pin Potential to 
Ground Pin 
VTL Pin Potential to 
Ground Pin 
ECL Input Voltage (DC) 
ECL Output Current 
(DC Output HIGH) 
TTL Input Voltage (Note 3) —0.5V to +6.0V 
TTL Input Current (Note 3) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 


+175°C 
+ 150°C 


—7.0V to +0.5V 


—0.5V to +6.0V 
Veg to +0.5V 


—50 mA 


Commercial Version 


Voltage Applied to Output 

in HIGH State 

TRI-STATE Output 
Current Applied to TTL 

Output in LOW State (Max) 
ESD (Note 2) 


—0.5V to +5.5V 


Twice the Rated Io, (mA) 
22000V 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Military 
ECL Supply Voltage (Veg) 
TTL Supply Voltage (VrtL) 


0°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 
+4.5V to +5.5V 


TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C, VTL = +4.5V to +5.5V (Note 4) 


symbol_| Parameter |_min_| typ | Max | Units _| 
Vou | OutputHiGHvottage_| -1026 | -o55 | -e70 | mv _| 


Vor Output LOW Voltage -1830 | -1705 | -1620 | mv_ | 


Cutoff Voltage 





Output HIGH Voltage _ 14035 
Corner Point HIGH 

Output LOW Voltage 

Corner Point LOW 

Input HIGH Voltage 
Input LOW Voltage i ao) 
Input HIGH Current aw) 
Breakdown Test aa 
Input LOW Current 
Input Clamp 12 
Diode Voltage . 


Vee Supply Current 





Conditions 


Vin = Vin (Max) or Vi (Min) 
Loading with 502 to —2V 


OE or DIR LOW, 
Vin = Vin (Max) or Vii (Min) 
Loading with 502 to —2V 


Vin = Vin (Min) or Vi (Max) 
Loading with 509 to —2V 


3 


= = 


Over VttL, Vee, Tc Range 
Over VTL, Vee, Tc Range 
Vin = +2.7V 
Vin = +5.5V 
Vin = +0.5V 


lin = —18mA 


LE LOW, OE and DIR HIGH 
Inputs Open 

Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


> 


| = 
© © 
BA ° 


Note 4: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 





Commercial Version (continue) 
ECL-to-TTL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C, CL = 50 pF, Vr7_ = +4.5V to +5.5V (Note) 


Vou Output HIGH Voltage 


VoL Output LOW Voltage 


ViH Input HIGH Voltage 
Input LOW Voltage 


Input HIGH Current 
Input LOW Current 


ane TRI-STATE Current 
Output HIGH 

lozLT TRI-STATE Current ~700 
Output LOW 

los Output Short-Circuit 450 
Current 


IL VttiL Supply Current 


6c€001 


Conditions 


lon = —3 MA, VetL = 4.75V 
loo = —3MA, VtTL = 4.50V 


lot = 24 MA, Vrt_ = 4.50V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vin (Max) 
Vin = Vit (Min) 


= 3 


= 
> 


Vout = +2.7V 


= 
> 


Vout = +0.5V 


3 
> 


Vout = 0.0V, Vrt_ = +5.5V 


TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 


= 
> 





DIP TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VitL = +4.5V to +5.5V, Voc = Voca = GND 


fmax Max Toggle Frequency + #—_ 


Conditions 


Figures 1 & 2 


tpLH CP to En 
tPHL 
tpZH OE to Ey, 
(Cutoff to HIGH) 
tpHz OE to En 
(HIGH to Cutoff) 
tpHz DIR to E, 
(HIGH to Cutoff) 
tsa 


thold Tp to CP 
tow(H) Pulse Width CP 


tTLH ‘| Transition Time 
tTHL 20% to 80%, 80% to 20% 


Figures 1 & 2 


Figures 1 & 2 


Figures 1&2 


Figures 1&2 
Figures 1& 2 
Figures 1 & 2 


—_ 
N 


Note: The specified limits represent the “worst case’’ value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Ww) 
~~ 


= 


Ny} 
= 1N 


Figures 1&2 
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Commercial Version (Continued) 
DIP ECL-to-TTL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VrTL = +4.5V to +5.5V, Voc = Voca = GND, C_ = 50 pF 


Conditions 


it 
©) 
a 
) 
on 
= 
aa 


fmax Max Toggle Frequency 


tpLH CP to Try 
tPHL 


tpzH OE to Tp 3.4 8.45 3.7 8.95 4.0 9.7 
tz. (Enable Time) 3.8 9.2 4.0 9.2 4.3 9.95 


tpyz OE to Ty 3.2 8.95 3.3 8.95 3.5 9.2 
tpLz (Disable Time) 3.0 7.7 3.4 8.7 4.1 9.95 


tpHz DIR to Tp, 2.7 8.2 2.8 8.7 3.1 8.95 
tpLz (Disable Time) 2. 7.45 3.1 7.95 
1 


8 
tow(H) Pulse Width CP 


PCC and Cerpak TTL-to-ECL AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Vit = +4.5V to +5.5V 


tPHL 
tpzH OE to E, 

(Cutoff to HIGH) 1.3 4.0 1.5 4.2 1.7 4.6 Figures 1 & 2 
tpHz OE to Ey, 

(HIGH to Cutoff) Figures 1& 2 


tpHz DIR to E, 
a to Cutoff) 


tset nto CP : Figures 1&2 
thold nto CP : . Figures 1&2 
tow(H) Pulse Width CP . Figures 1&2 


Nd 
—_ 


7.2 


7) 
—_ 
N 
rN) 
o 
ro) 
N 
N 


Figures 3 & 4 


Figures3&5 


Figures 3&5 


Figures 3 &6 


Figures 3 & 4 
Figures 3 & 4 
Figures 3&4 


Conditions 


Figures 1&2 


tTLH Transition Time , 
trH 20% to 80%, 80% to 20% ; FOURS Tae 


toSHL Maximum Skew Common Edge PCC Only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


tosLH Maximum Skew Common Edge PCC Only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


tost Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


tps Maximum Skew PCC Only 
Pin (Signal) Transition Variation (Note 1) 
Data to Output Path 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp 1), or LOW to HIGH (tos_H), or in opposite directions both 
HL and LH (tost). Parameters togt and tps guaranteed by design. 
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Commercial Version (Continue) 
PCC and Cerpak ECL-to-TTL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, ViTL = +4.5V to +5.5V, CL = 50 pF 
To = 25°C To = 85°C 
MHz 


p21 70 | 987s | 


6cE00! 


Te= Oe Conditions 


Symbol Parameter 


Max Toggle Frequency 
CP to Ty 


imax 


{PLH 


. 7.0 
tPHL 


Figures 3 & 4 


— 
or 


tpZH 
tpz 


tpHz 
tpLz 


tpHz 
tpLz 


tset 
thold 
tow(H) 
toSHL 


tOSLH 


tosT 


tps 





3.1 7.0 3.3 
OE to Ty, 3.4 8.25 3.7 8.75 4.0 
(Enable Time) 3.8 9.0 4.0 9.0 4.3 
OE to Tp, 3.2 8.75 3.3 8.75 3.5 
(Disable Time) 3.0 7.5 3.4 8.5 41 


DIR to Tp 2.7 8.0 2.8 8.5 3.1 
(Disable Time) 2.8 7.25 3.1 7.75 4.0 


E, to CP 
E, to CP 
Pulse Width CP 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PMs 
ololo 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


9.5 
9.75 


9.0 
9.75 


8.75 
9.0 


Figures 3 & 5 
Figures 3&5 


Figures 3& 6 


Figures 3 & 4 


Figures 3 & 4 
Figures 3 & 4 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosy ), or LOW to HIGH (tos_H), or in opposite directions both 
HL and LH (tos7). Parameters tosy and tps guaranteed by design. 
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Military Version 
TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C, Vrz_ = +4.5V to +5.5V 


Vin = Vin (Max) 


or Vi. (Min) Loading with 


502 to —2.0V 


OE or DIR LOW 


Vin = Vin (Min) Loading with 
or Vi. (Max) 509 to —2.0V 


—55°C to “25 
+4125°C Vin = +0.5V 
—55Cto|, __ 
+126°C | IN= —18mA 


LE LOW, OE and DIR HIGH 
— 55°C to | Inputs Open 
+125°C | Vee = —4.2V to —4.8V 
Vege = —4.2V to —5.7V 
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Military Version (continued) 
ECL-to-TTL DC Electrical Characteristics 


VeE = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C, CL = 50 pF, VIL = +4.5V to +5.5V 


Saat to lon = —1 MA, Vrt_ = 4.50V 
+ 125°C lon = —3mMA, VTL = 4.50V 


— 58°C to 

+ 125°C lo. = 24mA, VrTL = 4.50V 

—55°C to Guaranteed HIGH Signal 1,2,3,4 
+ 125°C for All Inputs 

— 55°C to Guaranteed LOW Signal 1,2,3,4 
+ 125°C for All Inputs 


Output HIGH Voltage aE: 
0°C to 
+125°C 
ay 


Output LOW Voltage 


Mh bh 
RO 


Vin Input HIGH Voltage 1165 
VIL Input LOW Voltage ~1830 ~1475 


Input HIGH Current 
Vee = —5.7V 


Vin = Vin (Max 
ESC IN = Vin (Max) 


—55°C to Vee = —4.2V 
+ 125°C Vin = Vir (Min) 


— 55°C to 

+4125°C Vout = +2.7V 

—55°C to 

+4125°C Vout = +0.5V 

—55°C to 

+125°C Vout = 0.0V, Vi7L = +5.5V 


TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 





hie Input LOW Current 

lOZHT TRI-STATE Current 
Output HIGH 

loZLT TRI-STATE Current 
Output LOW 

los Output Short-Circuit 
Current 


Viti Supply Current 


— 55°C to 
+ 125°C 


Nan 
oon 








Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL- 
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Military Version (Continued) 
TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VitL = +4.5V to +5.5V, Voc = Voca = GND 


Parameter 


Max Toggle Frequency 


OE to E, 
(Cutoff to HIGH) 
OE to E, 
(HIGH to Cutoff) 
DIR to E, 
(HIGH to Cutoff) 


Pulse Width CP 


Transition Time 


ECL-to-TTL AC Electrical Characteristics 


Figures 1&2 
Figures 1 & 2 
Figures 1&2 


Figures 1 & 2 


Vee = —4.2V to —5.7V, VTL = +4.5V to +5.5V, Voc = Voca = GND, CL = 50 pF 


Max | Max Toggle Frequency | Frequency | 2000 


OE to Ty 
(Enable Time) 


OE to Tp 3.2 10.0 


(Disable Time) : 9.8 3.4 8.8 


DIR to Tp, 
(Disable Time) 


nto CP 
En to CP 
Pulse Width CP 


10.1 , 

10.4 ayaa Figures 3 & 5 

ny jos | Figures 3 & 5 
2 | nw Figures 3 & 6 


| ons | Figures 3 & 4 
| ons | Figures 3 & 4 
| ons | Figures 3 & 4 





Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature latched only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and —55°C temperatures, Subgroups A10 and 


Ail. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
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Test Circuitry (t1L-to-EcL) 


62€00l 


iad 
Vee = ~-4.5V 


A ee he ee) 


TTL INPUT FORCE/SENSE CIRCUIT : n 
(\ 502 COAX (\ 


3v 
ov a Fre 


4500 — (OUT) 
O 50.20 COAX a T (IN) 
CP DIR OE 


” 
OQ 
~ 


2:1 DIVIDER 


—— 560 


EQUIVALENT CIRCUIT FOR 
~2V/50.0 TERMINATION 


_ 10:1 DIVIDER r=, 
CIRCUIT = 500 TO GROUND 


ECL INPUT FORCE/SENSE CIRCUIT 


Feet “1.71V 


r 
r 
I 
TTL INPUT SENSE — : 
1 
1 
al 


1 ECL INPUT FORCE/SENSE I 
I CIRCUIT I 


Te ee ee se ee | 


(\ 500.COAX 3 
€ ECL 


2:1 DIVIDER 


i EQUIVALENT CIRCUIT FOR 
~4V -2V/500 TERMINATION 


TL/F/10583-7 


Note 1: Ry = 502 termination resistive load. When an input or output is being monitored by a scope, Rr is supplied by the scope’s 502 input resistance. When an 
input or output is not being monitored, an external 50 resistance must be applied to serve as Rr. 


Note 2: TTL and ECL force signals are brought to the DUT via 502 coax lines. 
Note 3: Vr7, is decoupled to ground with 0.1 4F, Veg is decoupled to ground with 0.01 uF and Vcc is connected to ground. 


FIGURE 1. TTL-to-ECL AC Test Circuit 
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Switching Waveforms (11L-to-EcL) 


TTL DATA 


DIRECTION CONTROL 
OUTPUT ENABLE 


ECL OUTPUT 


| 
ts 1 ty 


+ tg ——4 


tpyz tpuz tezy 


FIGURE 2. TTL to ECL Transition—Propagation Delay and Transition Times 


Test Circuitry (EcL-to-TTL) 


Vit, = SV 


Veg = OV Pees we ee ee ee ee eee ee ee 


Ver = -4.5V 


TTL OUTPUT SENSE CIRCUIT 
+7V @-@ 


LZ/ZL TRI-STATE PULL-UP 
5000 


4500 


(-\ 500. COAX 
U, U, 
q 


= eo 


10:1 DIVIDER 


1 ECL INPUT FORCE/SENSE 1 
I CIRCUIT I 


T (OUT) 


cp DIR OE 





ECL INPUT FORCE/SENSE CIRCUIT 


-0.95V 
FecL -1.71V a 


A 50. COAX a 


V, 
500 


E (IN 
aN) 2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 
~4V -2V/500 TERMINATION 


ey 


ee eee ee eee ee 


ECL INPUT FORCE/SENSE CIRCUIT 


Feet -1.71V 


a 
1 1 
1 I 
I ' 
1 1 
I 1 
1 (\ 502. COAX I 
i} VJ J 
{ 500 I 
1 — I 
I 1 
1 I 
' 1 
1 1 
I 1 
I 1 
I 1 
. a 


2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 
-4V ~2V/500 TERMINATION 


TL/F/10583-9 


TL/F/10583-10 


Note 1: Ry = 502 termination resistive load. When an input or output is being monitored by a scope, Ry is supplied by the scope’s 502 input resistance. When an 
input or output is not being monitored, an external 509 resistance must be applied to serve as Rr. 


Note 2: The TTL TRI-STATE pull-up switch is connected to +7V only for ZL and LZ tests. 
Note 3: TTL and ECL force signals are brought to the DUT via 500 coax lines. 
Note 4: Vt7_ is decoupled to ground with 0.1 uF, Veg is decoupled to ground with 0.01 pF and Vcc is connected to ground. 


FIGURE 3. ECL-to-TTL AC Test Circuit 
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Switching Waveforms (EcL-to-T7L) 


6ZE001 





Note: DIR is LOW, OE is HIGH TL/F/10583-11 
FIGURE 4. ECL-to-TTL Transition—Propagation Delay and Transition Times 


OUTPUT ENABLE 


TIL OUTPUT 


TTL OUTPUT 





0.3V 


he Voz (TTL) 


Note: DIR is LOW TL/F/10583-12 
FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 









DIRECTION CONTROL 


TTL OUTPUT 





TTL OUTPUT 
0.3V 


ay Vo (TTL) 


Note: OE is HIGH TL/F/10583-13 
FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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ZA National 


Semiconductor 


100331 
Low Power Triple D Flip-Flop 


General Description 


The 100331 contains three D-type, edge-triggered master/ 
slave flip-flops with true and complement outputs, a Com- 
mon Clock (CPc), and Master Set (MS) and Master Reset 
(MR) inputs. Each flip-flop has individual Clock (CP,), Direct 
Set (SD,) and Direct Clear (CD,) inputs. Data enters a mas- 
ter when both CP, and CPc are LOW and transfers to a 
slave when CP, or CP¢ (or both) go HIGH. The Master Set, 
Master Reset and individual CD, and SDp inputs override 
the Clock inputs. All inputs have 50 kQ pull-down resistors. 


Ordering Code: see section 
Logic Symbol 


CP2 Do Dy D2 


TL/F/10262-1 


Connection Diagrams 


24-Pin DIP/SOIC 


oon none WwW PP 


nu = © 


28-Pin PCC 


(AA AA 
is} 2d (2 22] 3 24 Rs) 


Features 

m 35% power reduction of the 100131 

@ 2000V ESD protection 

m@ Pin/function compatible with 100131 

m Voltage compensated operating range = 
—5.7V 

g Available to industrial grade temperature range 

g@ Available to MIL-STD-883 


—4.2V to 


Individual Clock Inputs 
Common Clock Input 

Data Inputs 

Individual Direct Clear Inputs 


Individual Direct Set Inputs 
Master Reset Input 

Master Set Input 

Data Outputs 

Complementary Data Outputs 





24-Pin Quad Cerpak 
Dy SD, MR Veg CPp MS 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q2 2 Voc Vocas Oy 
TL/F/10262-3 


CP, CD, $02 Veps CDy CP. Dy 


TL/F/10262-2 


TL/F/10262-4 
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Logic Diagram 


L€e00l 


SDp Do CD2 


TL/F/10262-5 
Truth Tables (Each Flip-Flop) 


Synchronous Operation Asynchronous Operation 


H 
L 
U 


HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 

Undefined . 
Time before CP Positive Transition 

1 = Time after CP Positive Transition 
= LOW to HIGH Transition 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (TsTaq) —65°C to + 150°C 
Maximum Junction Temperature (Tj) 
Ceramic 
Plastic 
Pin Potential to 
Ground Pin (Vee) 
Input Voltage (DC) 
Output Current 
(DC Output HIGH) —50mA 
ESD (Note 2) < 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vou 
VoL 
VoHC 


VoLc 
VIH 


Input HIGH Current 


Power Supply Current 


Input HIGH Voltage ~41165 —~870 
Input LOW Voltage ~ 4830 ~41475 


Input LOW Current 9s 


Recommended Operating 
Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Vee) 


0°C to + 85°C 
—40°C to + 85°C 
— 55°C to + 125°C 


—5.7V to —4.2V 


Conditions 


Vin = Vin (Max) 
or Vit (Min) 


Loading with 
502 to —2.0V 


Vin = Vin (Min) 
or Vit (Max) 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 
Vin = Vin (Max) 
Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version (continues) 
DIP AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = Voca = GND (Continued) 


To = +25°C | To = +85°C 7 
ee dialetpiae! Tin Max | Min Max | Min Max | aid 


tPLH Propagation Delay 2.00 
. : . 2.00 : : 
tPHL CPc¢ to Output Figures 1 and 3 


tPLH Propagation Delay 
tPHL CP, to Output 0.75 2.00 . 2.00 


tpLH Propagation Delay 
isch CD,, SDp to Output 0.70 1.70 | 0.70 1.70 


jPLH 0.70 200] 070 200 | o. CPnCPg =H | 

tPHL Figures 
teLH Propagation Delay CPp, CPg = L and 4 
tpHL MS, MR to Output 1.10 2.60 1.10 2.60 ‘ . 

fPLH 410 280] 110 280 | 1. CPr, CPc = H 

tPHL 

tTLH Transition Time } 

tTHL 20% to 80%, 80% to 20% 0.35 1.30 0.35 . 4 i Figures 1, Sand 4 


ts Setup Time 
Dn 
CDy, SDp (Release Time) : 
MS, MR (Release Time) A : : Figure 4 


Hold Time Dy 


Pulse Width HIGH 
CPp, CPc, CDn, : : Figures 3 and 4 
SD,, MR, MS 


SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


0 

Propagation Delay 

CPc¢ to Output 0.75 1.80 0.7 0 

Propagation Delay 

CP,, to Output 0.75 1.80 | 0.7 0 

Propagation Delay 0.70 1,50 Ae6 


= Cc 

5 1.80 15 1.80 

5 1.80 15 1.80 

CD,, SDp to Output nee ch mee 
0.80 1.80 0.7 1.80 .70 1.80 

0 2.40 1.10 2.40 

0 2.60 1.10 2.60 


LEeool 


Figure 5 


Figure 5 





Conditions 


40 Figures 2and 3 


Figures f and 3 


CPr; CPco =L 
CPp, CPc =H 
Figures 
Propagation Delay SLoROoT Figures 
MS, MR to Output 1.10 2.40 14 





CPp, CPg = H 
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Commercial Version (Continued) 


SOIC, PCC and Cerpak AC Electrical Charac 


Vee = —4.2V to —5.7V, Voc = Voca = GND (Continued) 


Symbol 


tTLH 
tTHL 


Parameter 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Dn 

CD,, SDp, (Release Time) 

MS, MR (Release Time) 


Hold Time Dy 


Pulse Width HIGH 
CP, CPo, CDp, 
SD,, MR, MS 


Propagation Delay 
CP¢ to Output 


Propagation Delay 
CP,, to Output 


Propagation Delay 
CDp, SD, to Output 


Propagation Delay 
MS, MR to Output 


Maximum Skew Common Edge 


Output-to-Output Variation 
Common Clock to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
CP, to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
Common Clock to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
CP, to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Common Clock to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
CP, to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Common Clock to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
CP, to Output Path 





teristics 


To = +25°C | Te = +85°C uns 


0.35 110] 035 1.10 | 0.35 1.10 ies Figures 1, 3 and 4 


0.30 
1.20 
2.20 


0.75 1.40 


0.70 1.40 
0.70 1.50 
0.80 1.70 
1.10 2.00 


1.20 2.10 


100 


0.30 
1.20 
2.20 


0.75 1.40 


0.75 1.40 
0.70 1.50 
0.80 1.70 


1.10 2.00 


1.20 2.10 


ine) 
w 
a 


0.30 
1.20 
2.20 


2.00 


o 
~ 


0.80 1.50 


0.80 1.50 
0.80 1.60 
0.80 1.80 


1.20 2.10 


_ 
(ee) 
oO 


2.20 


Conditions 


Figure 5 


Figure 4 
Figure 5 


Figures 3 and 4 


Figures 1 and 3 
PCC Only 


CPy, CPg =L 
PCC Only 
CPn, CPo = H 
PCC Only 
CP,, CPo = L 
PCC Only 
CPpy, CPc = H 
PCC Only 


Figures 
7and 4 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tgsp 1), or LOW to HIGH (tosiy), or in opposite directions both 
HL and LH (tos7). Parameters togy and tp, guaranteed by design. 
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Industrial Version 
PCC DC Electrical Characteristics 


Vee = —4.2V to —§.7V, Voc = Voca = GND, To = —40°C to +85°C (Note) 
Vou Output HIGH Voltage | —1085 —870 —1025 ~—870 
VoL Output LOW Voltage —1830  -—1575 — 1830 —1620 


Vouc Output HIGH Voltage 


VoLc Output LOW Voltage — 1565 —1610 


Vin Input HIGH Voltage 1170 870 4165 _870 
Input LOW Voltage 1830  —1480 1830 1475 Guaranteed LOW Signal 
for All Inputs 


InputLowCurent | 05 | 0S |_| Vin = Vu (Mi) 
InputHIGH Curent | 300 | 280 |_| Vi = Vin (Maw 
Power Supply Current —122 —60 —122 —65 Inputs Open 


Note: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


LEeool 


Conditions 


Vin = Vin (Max) | Loading with 
or Vi, (Min) 502 to —2.0V 


| mv _| 
Vin = Vi (Min) | Loading with 


or Vit. (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Te = —40°C Tc = +25°C ee cee = +85°C 


Symbol Parameter 
fmax Toggle Frequency a MHz | Figures 2and 3 
tpLH Propagation Delay 
t CP¢ to Output 1.80 
ial” 2 al igures fand? 
tpLH Propagation Delay 
tpHL CP, to Output 
tpLy Propagation Delay ae CPo =L 
tpHL CD,, SDp to Output 
tPLH CPp, CPg = 
tPHL Figures 
tL Propagation Delay CPy,CPo = L | 7and4 
ea MS, MR to Output 1.10 2.40 1.10 2.40 


CPp, CPo = 
tPHL 


tTLH Transition Time 
tru. | 20% to 80%, 80% to 20% my cS Denes 





ts Setup Time 
Dn 1.00 0.30 0.30 
CDp, SDp (Release Time) | 1.50 1.20 1.20 
MS, MR (Release Time) 2.50 2.20 2.20 


ty___| Hold Time Dy por fos 


tow(H) | Pulse Width HIGH 
CP, CPc, CDp, 
SD, MR, MS 
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Figure 5 


Figure 4 


Figure & 


Figures 3 and 4 





100331 


Military Version 


DC Electrical Characteristics 
Ver = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


|__ Parameter | Min Max_| units | te | Conditions 


Output HIGH Voltage = 2. 0°C to 
1028 870 | mv wisee 


1086 670 Vin.= Vin (Max) | Loading with 


OutputLOw Voltage | saa) seo oCto | or Vit (Min) 500 to —2.0V 
+125°C 
m . 
m 
m 
m 
m 
m 
p 


—1830  —1555 | mv | —55°C 


0°C to 
+ 125°C 


Output HIGH Voltage ~ 1035 


—55°C | Vin = Vin (Min) | Loading with 
0°C to or Vit (Max) 500. to —2.0V 
+125°C: 


i —1555 


Input HIGH Voltage 4165 870 

Input LOW Voltage ~1830  —1475 

Input LOW Current —55°Cto | Vee = —4.2V 
+ 125°C Vin = Vit (Min) 


Input HIGH Current 0°C to 
Vin = Vin (Max) 


a ee =55°C 


340 
Power Supply Current = 7 — 55°C to 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start” specs which can be. 
considered a worst case condition at cold temperatures. : 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups, 1, 2, 3, 7 and 8. 
Note 3: Sampled tested (Method 5005, Table I) on each manufactured lot at -55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7 and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL. 


— 55°C 


—55°C to | Guaranteed HIGH Signal 1234 
+125°C | forall Inputs an © 


— 55°C to Guaranteed LOW Signal 
+ 125°C for all Inputs 


1,2,3,4 


Output LOW Voltage —4610 | mv | 


Vv: 
V 
V 
V 
V 
V 
V 
V 
A 

pA . 
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Military Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


: = = 55" 
To = +25°C | To = +125°C unis] conan 


agree a 050 220 | 060 200 | 0.50 2.40 Fn | 
Cc P Figures 1 and 3 
Propagation Delay 
Sa 0.60 2.00 | 050 240 
Enns a) 0.50 220 | 060 200] 0.50 2.40 CPp, CPg =L 


CD, SD, to Output 
0.50 

















0.50 2.40 0.60 2.10 












Propagation Delay 
MS, MR to Output 





0.70 2.70 0.80 2.60 | 0.80 2.90 CPg =L 






0.70 2.90 






0.80 2.80 





Transition Time 


20% to 80%, 80% to 20% 0.20 1.40 0.20 1.40 0.20 1.40 Figures 1,3 and 4 






Setup Time 
Dn 
CDry, SDpy (Release Time) 
MS, MR (Release Time) 














Pulse Width HIGH 
CPp, CPc, CDp, 

SD,, MR, MS 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 






Note 2: Screen tested 100% on each device at +25°C. Temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at + 25°C, Subgroup AQ, and at + 125°C, and — 55°C Temp., Subgroups A10 and A11. 
Note 4: Not tested at +25°C, + 125°C and —55°C Temperature (design characterization data). 
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Test Circuits 


DELAYED 
PULSE 
GENERATOR 


PULSE 
GENERATOR 


FIGURE 1. AC Test Circuit 


FIGURE 2. Toggle Frequency Test Circuit 
Notes: 
Vcoo Voca = +2V, Vee = —2.5V 
L1 and L2 = Equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 4.F from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
CL = Fixture and stray capacitance < 3 pF 
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TL/F/10262-6 


TL/F/10262-7 





Switching Waveforms 


L€eool 


~«—0.7+0.1 ns 
+ 1.05 V 


OUTPUT 


OUTPUT 


TL/F/10262-8 
FIGURE 3. Propagation Delay (Clock) and Transition Times 


ts (RELEASE TIME) 


OUTPUT 


tPHL 


80% 
OUTPUT 50% 
20% 
TL/F/10262-9 
FIGURE 4. Propagation Delay (Resets) 





| <¢——— t ———> 
—r} ts 


50% 


TL/F/10262-10 
FIGURE 5. Data Setup and Hold Time 





Note: t, is the minimum time before the transition of the clock that information must be present at the data input. 
Note: t, is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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ZA National 


Semiconductor 


100336 
Low Power 4-Stage Counter/Shift Register 


General Description 


The 100336 operates as either a modulo-16 up/down coun- 
ter or as a 4-bit bidirectional shift register. Three Select (S,) 
inputs determine the mode of operation, as shown in the 
Function Select table. Two Count Enable (CEP, CET) inputs 
are provided for ease of cascading in multistage counters. 
One Count Enable (CET) input also doubles as a Serial Data 
(Do) input for shift-up operation. For shift-down operation, 
Dg is the Serial Data input. In counting operations the Termi- 
nal Count (TC) output goes LOW when the counter reaches 
15 in the count/up mode or O (zero) in the count/down 
mode. In the shift modes, the TC output repeats the Qg3 
output. The dual nature of this TC/Q3 output and the Do/ 
CET input means that one interconnection from one stage 
to the next higher stage serves as the link for multistage 
counting or shift-up operation. The individual Preset (P,) in- 
puts are used to enter data in parallel or to preset the coun- 


Ordering Code: see Section 6 


Logic Symbol 


CEP Do/CET Po Py Po P3 
of ol ‘0 Py Po 


TL/F/10584-1 


Connection Diagrams 
24-Pin DIP/SOIC 


oon rnnrkr wn = 


nyu = OO 


28-Pin PCC 


Py Pz Ps Vers Ds Q3 Os 


{13} (20) [2] (22) 3) (24) (2s) 


ter in programmable counter applications. A HIGH signal on 
the Master Reset (MR) input overrides all other inputs and 
asynchronously clears the flip-flops. In addition, a synchro- 
nous clear is provided, as well as a complement function 
which synchronously inverts the contents of the flip-flops. 
All inputs have 50 kf pull-down resistors. 


Features 

m 40% power reduction of the 100136 

m 2000V ESD protection 

@ Pin/function compatible with 100136 

m Voltage compensated operating range = 
—4.2V to —5.7V 

@ Available to industrial grade temperature range 

m@ Available to MIL-STD-883 


| PinNames | Description | 
CP 


Clock Pulse Input 

Count Enable Parallel Input (Active LOW) 
Serial Data Input/Count Enable 

Trickle Input (Active LOW) 

Select Inputs 


Master Reset Input 

Preset Inputs 

Serial Data Input 

Terminal Count Output 

Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
Sy Sp MR Ver CP Po 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q1 Q Voc VocaQz O 
TL/F/10584-3 


Sz CEPO/CET ers TE 0 ay 


TL/F/10584-2 


TL/F/10584~4 
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Logic Diagram 


E 





coca 
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Function Select Table 


Parallel Load 
Complement 
Shift Left 
Shift Right 
Count Down 
Clear 

Count Up 
Hold 


coxeecer|p 


TrITtTomrrereere 


ceeesere|e 


Truth Table 
Qo = LSB 


= 


L 
D3 


i=] 
a) 
c?) 
m 
— 


le 
BD 


i*) 
@ | 


— 
O 
i 
o 
— 
2. 
5 
ro 
OG 
—_ 


29 
OOD 
oO 


= 
oO 


-|98 
[ee 


a 
EB 


OO 
ra) 


creeeeerre|9ls 


IPrereereetTrier 


menarnnnabier efeler ebebeee 
coreeeeer|9|99| 
creerreer|eloe 
rreecrrer|9|9o 


pvnnnnnafelen Meo iffy 


x KKK KKK KK 


[ee ee eee 
A A dE a GA a Nad 


= 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
0) 


Lif Qo-Q3 = LLLL 

H if Qo-Q3 # LLLL 

L if QgQ—Q3 = HHHH 

H if Qo-Q3 # HHHH 
HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 

~~ = LOW-to-HIGH Transition 


® 
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Mode 
Preset (Parallel Load) 
Invert 
Shift to LSB 
Shift to MSB 
Count Down 


Count Down with CEP not active 
Count Down with CET not active 


Clear 
Count Up 


Count Up with CEP not active 
Count Up with CET not active 


Hold 


Asynchronous 
Master Reset 


*Before the clock, TC is Q3 
After the clock, TC is Qo 





Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please pone ‘ite secicnal Semicenitucior Sales as Pa a (Tc) 0°C to +85°C 
Office/Distributors for availability and specifications. industrial —~40°C to +85°C 
Storage Temperature (TstTq) —65°C to + 150°C Military —55°C to +125°C 
Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 
Plastic + 150°C 
Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) 22000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
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Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


VoH Output HIGH Voltage | —1025 oaei —870 Vin =Vin (Max) | Loading with 
VoL Output LOW Voltage | —1830 | —1705 | —1620 or VIL (Min) SOE Oey 
Vouc Output HIGH Voltage | —1035 | Vin = Viemin) Loading with 
Voie OutputLOW Voltage | or ViL (Max) 502 to —2.0V 


VIH Input HIGH Voltage 1165 


Guaranteed HIGH Signal 


=e for All Inputs 


Input LOW Current ns 
Input HIGH Current [fet ot 
Power Supply Current 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Vin = Vit (Min) 
Vin = Vin (Max) 
Inputs Open 


Input LOW Voltage - Guaranteed LOW Signal 
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Commercial Version (Continued) 
DIP AC Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


| Min Max | Min Max | Min Max | 

ferit | ShiftFrequency __—«|_300—S—s—s|«00-—'§$=s=$—s| 0 ”" 
Ta 
: 
msi | ProragaionDolty | ago aan | 24040] 260 470 
ux | Propeoton Oo 
[280 s20 | sto sso | 

[ie ae 


Conditions 


MHz Figures 2and 3 


Figures 7 and 3 
(Note 1) 


Figures 1, 7, 8 
(Note 1) 


Figures 7 and 9 
(Note 1) 


Figures 1 and 4 
(Note 1) 


Figures 1, 12 
(Note 1) 


Figures 1, 10, 11 
(Note 1) 


.00 
2.40 
.40 
tpLH Propagation Delay 2.80 
tPHL MR to TG (Count) : 
tPpHL Propagation Delay 2.40 
MR to TC (Shift) : 
tpLH Propagation Delay 


tPHL Do/CET to TC . . 


tPLH Propagation Delay 
tPHL Sp, to TC . 


- tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 
D3 
Ph 
Do/CET 
CEP 
Sn 
MR (Release Time) 


Figures 7 and & 
(Note 1) 


= 0c 

2.00 
3.50 
4.40 
2.50 
5.10 
4.00. 
3.10 
4.10 
1.20 


Figures 1 and 3 


Figures 6 and 4 


Hold Time 


D3 

Ph 
Do/CET 
CEP 


Sn 
Pulse Width HIGH 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 


Figure 6 





Figures 3 and 4 
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Commercial Version (Continued) 
SOIC, PCC and Cerpak AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = Voca = GND 


Symbol 


fshitt 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPHL 


tPLH 
teHL 


tPLH 
tPHL 


tTLH 
tTHL 


ts 


tow(H) Pulse Swain HIGH 
CP, MR 





Parameter 


Shift Frequency 


Propagation Delay 
CP to Qn, Qn 


Propagation Delay 
CP to TC (Shift) 


Propagation Delay 
CP to TC (Count) 


Propagation Delay 
MR to Qn, Qn 


Propagation Delay 
MR to TC (Count) 


Propagation Delay 
MR to TC (Shift) 


Propagation Delay 
Do/CET to TC 


Propagation Delay 
Sp, to TC 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 


0.35 


Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Clock to Output Path 


Ne) 
w 
[o) 


Maximum Skew 
Pin (Signal) Transition Variation 
Clock to Output Path 





nN nh 
[=] [o) 
o oO 


np 
[*) 
o 


np 
SS 
On 


SEE001 


_Conditions 


Figures 2 and 3 


Figures 7 and 2 - 
(Note 2) 


Figures 1, 7,8 
(Note 2) 


Figures 1 and 9 
(Note 2) 


Figures 1 and 4 
(Note 2) 


Figures 1 and 12 
(Note 2) 


Figures 1, 10, 17 
(Note 2) 


Figures 1 and § 
(Note 2) 


Figures 1 and 3 


Figures 4 and 6 


Figure 6 


Figures 3 and 4 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp 1), or LOW to HIGH (tostp), or in opposite directions both 
HL and LH (togt). Parameters togy and tps guaranteed by design 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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100336 


Industrial Version 


PCC DC Electrical Characteristics 
Vee = ~—4.2V to —5.7V, Voc = Voca = GND, Tc = —40°C to + 85°C (Note 1) 


Tc = —40°C Tc = O'C to + 85°C 
Vou Output HIGH Voltage | —1085 -870 | -1025 —870 | mv | 
VoL Output LOW Voltage | —1830 -—1575| -1830 —1620 or Vit (Min) 50% to —2.0V 


mV 
Voc | Output HIGH Voltage Vin = Vin(Min) | Loading with 
mV 
mV 
mV 


Vin = Vin (Max) Loading with 


VoLc Output LOW Voltage or VIL (Max) 502 to —2.0V 


VIH Input HIGH Voltage -~1170 —870 1165 _870 Guaranteed HIGH Signal 
for All Inputs 

VIL Input LOW Voltage —1830  —1480 — 1830 Guaranteed LOW Signal 
for All Inputs 


HH Input HIGH Current Vin = Vin (Max) 


‘lee Power Supply Current —165 —75 —165 —80 Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Industrial Version (Continued) 
PCC AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = 


Symbol 


fshift 


tPLH 
tPHL 


tPLH 
tPHL 


teLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tpHL 


tPLH 
tPHL 


tPLH 
tPHL 


tTLH 
tro 


ts 


Pulse Width HIGH 
tow(H) CP, MR oe oe 


Parameter 


Shift Frequency 


Propagation Delay 
CP to Qr, Gn 


Propagation Delay 
CP to TC (Shift) 


Propagation Delay 
CP to TC (Count) 


Propagation Delay 
MR to Q,y, Qn 


Propagation Delay 
MR to TC (Count) 


Propagation Delay 
MR to TC (Shift) 


Propagation Delay 
Do/CET to TC 


Propagation Delay 
Sp to TC 


Transition Time 


20% to 80%, 80% to 20% 


Setup Time 
Dg 
Ph 
Do/ CET 
CEP 
Sn 


MR (Release Time) 
Hold Time 


Voca = GND 


350 


1.00 


2.10 


1.80 


3.50 





Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Conditions 


Figures 2and 3 


Figures 1 and 3 
(Note 1) 


Figures 1, 7,8 
(Note 1) 


Figures 1 and 9 
(Note 1) 


Figures 1 and 4 
(Note 1) 


Figures 1 and 12 
(Note 1) 


Figures 1, 10, 17 
(Note 1) 


Figures 1 and 5 
(Note 1) 


Figures 1 and 3 


Figure 6 


Figure 6 


Figures 3 and 4 
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Military Version 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Vcc = Voca = GND, Tc = —55°C to + 125°C 


Parameter | Min | 


Output HIGH Voltage 


—1025 
Vin = ViH (Max) | Loading with 
— 1085 or VIL (Min) 509 to —2.0V 


Output LOW Voltage 


Output HIGH Voltage ~1035 
088 | Vin = Vin (Min) Loading with 


~ 1085 or VIL (Max) 502 to —2.0V 


Output LOW Voltage I. 


Input HIGH Voltage 4165 —55°C to | Guaranteed HIGH Signal 
+ 125°C for All Inputs 
Input LOW Voltage _ _ —55°C to | Guaranteed LOW Signal 
[mmarowvatee | roa | —e75_ MY | +1256 | forall inputs 
Input LOW Current Fos | | wa | —55°Cto | Veg = —4.2V 
+ 125°C Vin = Vit (Min) 
Input HIGH Current 0°C to ae 


Power Supply Current —55°C Inputs Open 
—185 —70 ae to Vee = —4.2V to —4.8V 
—195 —70 +125°C | Veg = —4.2V to -5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stablize due to heat dissipation after power-up. This provides “‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input conditon and testing VoH/Vot. 
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Military Version (Continued) 


9€£001 


AC Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


Symbol Parameter Te = ~55°C To = +25°C To = +125 
fenit__[ Stitt Frequency fae] e585 | Mz | Figures 2and a 
2 


tPLH Propagation Delay 
tpH_ | CP to Qn, Qn 0.40 .30 0.50 2.20 0.40 2.50 
tpLH __ | Propagation Delay 
tpH_ | CP to TC (Shift) 1.70 3.80 1.70 4.2 
tpLH __ | Propagation Delay 
tpH_ | CP to TC (Count) 1.20 4.60 1.50 4.60 1.60 5.20 
tPLH Propagation Delay ee San ae Bee me 7 
tPHL MR to Qr,; Qn ’ . . ; : 
tpLH __ | Propagation Delay 
tpy_  |MR to TC (Count) 2.30 5.20 2.70 5.20 2.90 5.90 
tpHL Propagation Delay 

MR to TG (Shift) 2.10 4.30 2.20 4.10 2.40 4.7 
tpLH _| Propagation Delay 
tPHL Do/CET to TC 0.70 3.20 1.00 3.20 1.30 4.10 


tpLH Propagation Delay 
tPHL Sp to TC 


tTLH Transition Time 
trHL 20% to 80%, 80% to 20% 


ts Setup Time 


BN 


igures 1 and 3 
1,2,3,5 


Figures 1, 7, 8 
Figures 1and9 }1,2,3,5 


Figures 1 and 4 
1,2,3,5 


Figures 1, 12 


Figures 1, 10, 11) 1,2,3,5 


Figures 1and 5 |1,2,3,5 
1.30 4.10 1.50 4.20 


0.20 1.90 0.20 1.80 0.20 Figures 1 and 3 


Do/CET 

CEP 

Sn 

MR (Release Time) 


Hold Time 
—— Figure 6 4 


Sn 
Pulse Width HIGH = CP} 1.60 1.60 1.60 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start” specs which can be considered a worst case condition at cold tempertures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroups A9. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroups AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 
All. 


Note 4: Not tested at + 25°C, +125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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100336 


Test Circuitry 


PULSE 
GENERATOR 


DELAYED 


PULSE 
GENERATOR 





24 23 22 21 2019 
18 


17 
16 
15 
14 


13 
78 9 10 1112 


0.1 uF 25 pF 


it 


FIGURE 1. AC Test Circuit 


PULSE 
GENERATOR 


Notes: 

Voc. Voca = +2V, Vee = —2.5V 

L1,L2 and L3 = equal length 502 impedance lines 
Ry = 509 terminator internal to scope 
Decoupling 0.1 »F from GND to Voc and Vee 

All unused outputs are loaded with 502 to GND 
C, = Fixture and stray capacitance < 3 pF 


Pin numbers shown are for flatpak; 
for DIP see logic symbol! 


TL/F/10584-6 


TL/F/10584-7 


FIGURE 2. Shift Frequency Test Circuit (Shift Left) 


Notes: 


For shift right mode, + 1.05V is applied at So. 
The feedback path from output to input should be as short as possible. 
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Switching Waveforms 


SEE00L 


0.7+0.1ns 


OUTPUT 


TL/F/10584-8 
FIGURE 3. Propagation Delay (Clock) and Transition Times 


0.720.1ns 


OUTPUT 


TL/F/10584-9 
FIGURE 4. Propagation Delay (Reset) 
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Switching Waveforms (Continued) 


0.7+0.1 cal P 1 ae ns 


OUTPUT 


100336 


OF ee | 


. TL/F/10584-10 
FIGURE 5. Propagation Delay (Serial Data, Selects) 


INHIBIT COUNT 


t pletentent teen % 


D3, Pa, Sn 


TL/F/10584-11 
Notes: 
ts is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


FIGURE 6. Setup and Hold Time 


Output Q3 / \ | 


CLOCK 


TL/F/10584-15 
Note: Shift Right Mode; Sp = H, S = H, So = L. 


FIGURE 7. Propagation Delay, Clock to Terminal Count (Shift Right Mode) 
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Switching Waveforms (continued) 


Input Dz / \ ; 


CLOCK 50% 


teLy te 
TC 50% 


Note: Shift Left Mode; Sg = L, S; = H, So = L. TL/F/10584-16 
FIGURE 8. Propagation Delay, Clock to Terminal Count (Shift Left Mode) 


SEE001 


s 
count down 


count up 15} 0 
TL/F/10584-17 
Note: 
*Decima! representation of binary outputs. 
Count Up: Sg = L, S; = H, So = H; Count Down: Sg = L, $1 = L, Sp = H. 
Measurement taken at 50% point of waveform. 


FIGURE 9. Propagation Delay, Clock to Terminal Count (Count Up and Count Down Modes) 


Output Q3 


CLOCK / \ 


TL/F/10584-18 


Note: Shift Right Mode; So = H, S; = H, Se = L. 
FIGURE 10. Propagation Delay, Master Reset to Terminal Count (Shift Right Mode) 
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Switching Waveforms (continued) 


9EE001 


TL/F/10584~19 


Bb 


L, S; =H, Se 


Note: Shift Left Mode; So 


_ 
@ 
me) 
i?) 
= 
Cd 
—_ 
® 
od 
= 
xc 
(72) 
— 
tnd 
c 
S 
f°) 
oO 
i] 
& 
£ 
kh 
@ 
- 
o 
~~ 
- 
o 
7) 
® 
ie 
- 
7) 
— 
o 
ij 
= 
> 
SS 
@ 
a 
e 
2 
= 
© 
o 
© 
Qa 
°o 
he 
a. 
= 
bl 
Lu 
c 
2 
S 
LL 


TL/F/10584-20 


*Decimal representation of binary outputs. Count Up Mode: Sp = L, Sy = H, Se = H. 


TL/F/10584-21 


*Decimal representation of binary outputs. Count Down Mode: Sg = L, Sy = L, Sp = H. 


FIGURE 12. Propagation Delay, Master Reset to Terminal Count (Count Up and Count Down Modes) 
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Applications 


Note: If So = S; = Sz = LOW, then Tg = LOW 


100336 


100336 


3-Stage Divider, Preset Count Down Mode 


PRESET N 


O} CEP 100336 
cp 


Slow Expansion Scheme 


100336 Tc 


Fast Expansion Scheme 
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100336 Tc 


100336 


CEP 
CET 
cP 


CEP 


CET 
cP 


TL/F/10584-12 


100336 


TL/F/10584~13 


100336 


TL/F/10584-14 
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Semiconductor 


ZA National 


100341 
Low Power 8-Bit Shift Register 


General Description 


The 100341 contains eight edge-triggered, D-type flip-flops 
with individual inputs (P,) and outputs (Q,) for parallel oper- 
ation, and with serial inputs (D,) and steering logic for bidi- 
rectional shifting. The flip-flops accept input data a setup 
time before the positive-going transition of the clock pulse 
and their outputs respond a propagation delay after this ris- 
ing clock edge. 

The circuit operating mode is determined by the Select in- 
puts Sg and Sj, which are internally decoded to select either 
“parallel entry”, “hold”, “shift left” or “‘shift right” as de- 
scribed in the Truth Table. All inputs have 50 kf. pull-down 
resistors. 


Ordering Code: sce Section 


Logic Symbol 


Do Po P1 P2 P3 Pa Ps Pg Py D7 
cP 


Qo Q; Q2 Q3 Q4 Qs Qs Qz 


TL/F/9880-1 


Connection Diagrams 


24-Pin DIP/SOIC 


oaOanN DO er wd — 


=_ o_o 
nw =~ Oo 


TL/F/9880-2 


28-Pin PCC 
Ps Pg P7Vegs D7 Q7 O6 
1) fo] (9) a | 





UI 
DORA 4 & 
Po Py PoVersDo Q 24 


Features 

m 35% power reduction of the 100141 

@ 2000V ESD protection 

m Pin/function compatible with 100141 

m Voltage compensated operating range = 
—5.7V 

g@ Available to industrial grade temperature range 


—4.2V to 


| PinNames | ___ Description 


Clock Input 
Select Inputs 
Serial Inputs 
Parallel Inputs 
Data Outputs 


24-Pin Quad Cerpak 
Px Sy So Veg CP Py 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q2 3 Voc Veca 4 O5 


TL/F/9880-4 TL/F/9880-3 
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Logic Diagram 


Truth Table 


Function 


Load Register 


Shift Left 
Shift Left 


Shift Right 
Shift Right 


H = HIGH Voltage Level 
= LOW Voltage Level 
X = Don’t Care 
~ = LOW-to-HIGH Transition 
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No Change 
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100341 


Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (TsTq) 65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) 
ESD (Note 2) > 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


| 955 _| 


Symbol 
Vou Output HIGH Voltage 


— 1025 


VoL 


Output HIGH Voltage — 1035 
Output LOW Voltage 


Input HIGH Voltage 


Input LOW Voltage 


Input LOW Current 
Input HIGH Current 


Power Supply Current 


VoHC 
VoLc 
VIH 





—50 mA. 


Output LOW Voltage — 1830 —1705 —1620 
P| mv | Vin = Vin (in 


Recommended Operating 
Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Veg) 


0°C to + 85°C 
—40°C to + 86°C 
—55°C to + 125°C 


—5.7V to -4.2V 


Conditions 


Vin = Vin (Max) 
or Vi (Min) 


Loading with 


mV 502 to —2.0V 


Loading with 


or Vi_ (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for all Inputs 


Guaranteed LOW Signal 
for all Inputs 


Vin = Vin (Max) 


Inputs Open 
Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


mA 
mA 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘worst case” conditions. 
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Commercial Version (continue) 


LPeool 


DIP AC Electrical Characteristics ve; = —4.2V to —5.7V, Voc = Veca = GND 


Parameter Conditions 


Max Clock Frequency 


400 
Propagation Delay 0.90 Figures 1 and 3 
CP to Output ‘ ‘ : . . (Note 1) 


Transition Time 
20% to 80%, 80% to 20% 


Dr Pp | 0.80 0.80 0.80 
Sp, | 0.60 0.60 0.60 
PulseWidthHiGH cp | 200 | 200 ~—s| 2.00 sms | Figura 


Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 


SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Vec = Voca = GND 


tpLH Propagation Delay Figures 1 and 3 
ice CP to Output 0.90 1.70 | 1.00 1.80 (Note 2) 

tTLH Transition Time 

tTHL 20% to 80%, 80% to 20% Gor teeny 1:20 : : 


ts Setup Time 


Figures 2and 3 


0.35 : . : : : Figures 1 and 3 


Setup Time 


Figure 4 


Figures 1 and 3 


Figure 4 
Hold Time 


Pulse Width HIGH : i : Figure 3 


Maximum Skew Common Edge PCC Only 
Output-to-Output Variation (Note 1) 
Clock to Output Path 


Maximum Skew Common Edge PCC Only 
Output-to-Output Variation (Note 1) 
Clock to Output Path 


Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation (Note 1) 
Clock to Output Path 


Maximum Skew PCC Only 
Pin (Signal) Transition Variation (Note 1) 
Clock to Output Path 

Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 


device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp 1), or LOW to HIGH (tos_p), or in opposite directions both 
HL and LH (tog7). Parameters togy and tps guaranteed by design 


Note 2: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
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100341 


Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, Tc = —40°C to +85°C (Note 1) 


Vou =1025 870 
Vor =1830___ = 1620 
Voxo 1038 

Vous =1610 


VIH Input HIGH Voltage —1170  —870 ~1165. —870 
Vit Input LOW Voltage | _4830 © -1480 | -1830 © -1475 


Conditions 


Vin = Vin(Max) Loading with 
or Vit (Min) 50N. to —2.0V 


Vin = Vin (Min) | Loading with 
or Vi (Max) 5029 to —2.0V 


Guaranteed HIGH Signal 
for all Inputs 


Guaranteed LOW Signal 
for all Inputs 


n___| mputtow current | oso | oso |_| Vin = Vi (Mi 


rm Input HIGH Current 240 


lee Power Supply Current 





pA 


mA 
mA 


Vin = Vin (Max) 


Inputs Open 
Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘‘worst case” conditions. 


2-156 





Industrial Version (continue) 


PCC AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voeca = GND 


To = +85°C eran 
Max Clock Frequency Figures 2and 3 


Propagation Delay Figures 1 and 3 
CP to Output ; : : ° (Note 1) 


Transition Time 
20% to 80%, 80% to 20% 


LPEOOl 


. Figures 1 and 3 


Setup Time 


Figure 4 
Hold Time 


Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Parameter | min | Max [units] te | Condiitions, 


Output HIGH Voltage 

|—1085| -s70| mv | 55°C | Vin = Vin (Max) Loading with 
Output LOW Voltage or Vi_ (Min) 502 to —2.0V 
Output HIGH Voltage |—1095] | mv | o°Cto + 125°C | 


-1085} | mv | 55°C | vin = Vins (Min) Loading with 


Output LOW Voltage —= = ae oCto +125°C | OF Vin (Max) pemionseey 


= | — 1555 | 555| mv | — 55°C 


Input HIGH Voltage —1165| —870 | mv | —55°Cto + 125°C Guaranteed HIGH Signal 
for All Inputs 
Input LOW Current —1830| —1475| mv | —55°Cto +125°C Guaranteed LOW Signal 
for All Inputs 
Input LOW Current —4.2V 
A | —55°C to + 125°C 
frewvowcurent | geo | | ua | -setcto+iav0| YEE” VIN = = Vi. (Min) 


Input High Current | | 240 | pa | O°;C to +125°C | Veg = —5.7V 


| | 340 | Vin = Vin (Max) 


Power Supply Current Inputs Open 
—168 |} —55 | mA | —55°Cto + 125°C} Vee = —4.2V to —4.8V 
—178 | —55 | mA Vee = —4.2V to —5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specifications which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Von/VoL. 
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100341 





Military Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 


Max Clock Frequency 


Figures 2 and 3 


st Cae 0.70 2.30 0.70 2.80 . 
; Figures 1 and 3 

Transition Time 

20% to 80%, 80% to 20% | 230 1.90 | 0.30 1.80 | 0.30 1.90 


Setup Time 
: 0.60 0.60 
. 1.60 2.40 Figure 4 


Hold Time 
: 0.90 0.90 
f 0.50 0.50 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “‘cold start” specifications which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at +25°C, + 125°C and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
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Test Circuitry 


LPe00l 


PULSE 
GENERATOR 


Rr 
24 23 22 21 20 19 


SCOPE PULSE 
CHAN A GENERATOR 
18 
‘ a 


16 





15 Rr 
14 


Notes: 

Veo: Voca = +2V, Veg = —2.5V 

L1, L2 and L3 = equal length 502 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 »F from GND to Vcc and Veg 

All unused outputs are loaded with 509 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for Flatpak; for DIP see logic symbol 


FIGURE 1. AC Test Circuit 


TL/F/9880~-6 


PULSE 
GENERATOR 


aor Po Py P2 P3 Pa Ps Pg Pr D7 


Qo Q1 Q2 Q3 Q4 As Qe Q7 


PULSE 
GENERATOR 


Notes: 

For shift right mode pulse generator connected to Sg is moved to Sj. TL/F/9880-7 
Pulse generator connected to S; has a LOW frequency 99% duty cycle, which allows occasional! parallel load. 

The feedback path from output to input should be as short as possible. 


FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
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100341 


Switching Waveforms 


PARALLEL 


OUTPUT 


TL/F/9880-8 
FIGURE 3. Propagation Delay and Transition Times 


Notes: 


—> 


<——$§ {, > 
t, }<«— 


ts is the minimum time before the transition of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information must 
remain unchanged at the data input. 


50% 
+0.31V 


TL/F/9880-9 
FIGURE 4. Setup and Hold Times 
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ZANational 


Semiconductor 


100343 
Low Power 8-Bit Latch 


General Description 


The 100343 contains eight D-type latches, individual inputs, 
(D,), outputs (Q,), a common enable pin (E), and a latch 
enable pin (LE). A Q output follows its D input when both E 
and LE are LOW. When either E or LE (or both) are HIGH, a 
latch stores the last valid data present on its D input prior to 
E or LE going HIGH. 

The 100343 outputs are designed to drive a 500 termina- 
tion resistor to —2.0V. All inputs have 50 kf pull-down re- 
sistors. 


Ordering Code: see Section 
Logic Symbol 


Do 0, Dz Dz Dy Ds Dg Dy 


Qq Q; Q, Qz3 Qy Qs Ag Q7 


TL/F/10250-1 


Connection Diagrams 


€veool 


Features 

m Low power operation 

@ 2000V ESD protection 

m Voltage compensated operating range = —4.2V to 
~—5.7V 

m Available to industrial grade temperature range 

m Available to MIL-STD-883 


| PinNames | Description | 


Data Inputs 
Enable Input 

Latch Enable Input 
Data Inputs 

No Connect 


24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 
Qs Q) Q3 Veps Oy Os Og Do E iE VeeVeca% 


oon mo nF WH 


—_ —-_— — 
Nn —~ Oo 


TL/F/10250~-2 





Home & 
[el dal nd 


24 23 22 21 20 19 


7 8 9 10 11 12 


i) 2 23) 4 Bs) 
D, Dy Ds Vers Dy Ds, Dg Dy NC Voc Veca¥oca97 


TL/F/10250-4 TL/F/10250-3 
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100343 


Logic Diagram 


Latched* 
Latched* 


*Retains data present before either LE or E went HIGH 
= HIGH voltage fevel 
= LOW voltage level 

X = Dont’s care 
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TL/F/10250-5 





Absolute Maximum Ratings 
Above which the useful life may be impared (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstg) —65°C to + 150°C 
Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) >2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to + 0.5V 


Commercial Version 
DC Electrical Characteristics 


Recommended Operating 


Conditions 

Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Veg) 


0°C to + 85°C 
—40°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


Vee = —4.2V to —5.7V, Voc = Veca = GND, Tc = O°C to +85°C (Note 3) 


Output HIGH Voltage —1035 
Output LOW Voltage so 


VoHC 
VoLc 


Vin Input HIGH Voltage —1165 
Input LOW Voltage — 1830 


Input LOW Current | 0.50 | 
Input HIGH Current | 


Power Supply Current 





fice ee 4 

ream G2 

| | =870 | mv | Guaranteed HIGH Signal for All Inputs 
na 

a 


— 
[a0 

—95 
sl [se 


Conditions 


Vin = Vin (Max) 
or Vit (Min) 


Loading with 
502 to —2.0V 


Vin = Vin (Min) 
or Vi. (Max) 


Loading with 
502 to —2.0V 


~1475 Guaranteed LOW Signal for All Inputs 


Vin = Vie (Min) 

Vin = Vin (Max) 

Inputs Open 

mA | wees —a2vi9 = 5.7¥ 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


To = 0°C 
Parameter 


Propagation Delay 


Bouin 0.80 2.00 


Propagation Delay 4.40 
LE, E to Output : 
Transition Time 


»45 
20% to 80%, 80% to 20% a 


Setup Time 


Hold Time 
Do-D7 0.1 


eel ao 


Do-D7 


Pulse Width HIGH 


Conditions 
Figures 1, 2,3 


(Note 1) 


Figures 1, 2,3 
(Note 1) 


Figures 1, 3 


Figures 1, 4 


Figures 1, 4 


Figures 1, 4 





€rveoot 





100343 


Commercial Version (Continued) 


PCC and Cerpack AC Electrical Characteristics 
Veg = ~4.2V to —5.7V, Vcc = Voca = GND 


symbol reece Conditions 


tPLH Propagation Delay 1.80 Figures 1,2, 3 
tpHL Dy to Output Gs ‘ : ° , ay (Note 2) 


tpLH Propagation Delay Figures 1, 2, 3 
tpHL LE, E to Output , : (Note 2) 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


Setup Time 
Do-D7 Figures 1, 4 
Hold Time 
Do-D7 Figures 1, 4 
tow(H) Pulse Width HIGH 
LE,E 2.00 2.00 Figures 1, 4 


tOSHL Maximum Skew Common Edge PCC Only 
Output-to-Output Variation 340 (Note 1) 
Data to Output Path : 
Maximum Skew Common Edge PCC Only 
Output-to-Output Variation 440 (Note 1) 
Data to Output Path ‘ 


Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation 480 (Note 1) 
Data to Output Path 


Figures 1,3 


Maximum Skew . PCC Only 
Pin (Signal) Transition Variation (Note 1) 
Data to Output Path 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosHU: or LOW to HIGH (tos-y), or in opposite directions both 
HL and LH (tos7). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Industrial Version 
PCC DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Veco = Voeca = GND, Tc = —40°C to +85°C (Note 3) 


VoL Output LOW Voltage -1830  —1575 — 1830 mV or VIL (Min) 502 to —2.0V 


€reool 


ns | Conditions 

Von Output HIGH Voltage | —1085 —870 | —1025 Vin = Vin (Mag | Loading with 

VoHC Output HIGH Voltage —1095 —1035 mV Vin = Vin (Min Loading with 
(Min) 

Voic | Output LOW Voltage ~ 1610 or ViL (Max) 502 to —2.0V 


ViW Input HIGH Voltage 1170 _870 4165 870 ey Guaranteed HIGH Signal 
for All Inputs 

Input LOW Voltage 1830  —1480 ~ 4830 4475 mV Guaranteed LOW Signal 
for All Inputs 


Input LOW Current | oso 0.50 pA Vin = Vir (Min) 
Input HIGH Current 240 Vin = Vin (Max) 


Power Supply Current Inputs Open 
Vee = —4.2Vto —4.8V 


MA | Ver = ~4.2Vt0 -5.7V 





Note 3: The specified limits represent the “‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Te = +25°C To = +85°C 
Ss | Min Max | Min Max_| 
Propagation Delay Figures 1, 2, 3 
Dz to Output 0.80 1.80 0.80 1.80 0.80 2.00 (Note 1) 
Propagation Delay Figures 1, 2,3 
LE, E to Output 1.40 2.70 1.40 2.70 1.60 2.90 (Note 1) 


Transition Time Figures 1, 3 


0.40 
20% to 80%, 80% to 20% 


Setup Time 
Do-D7 Figures 1, 4 


Hold Time 
Do-D7 Figures 1,4 


Pulse Width HIGH 
LE,E : : Figures 1, 4 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125° 


symbol To | Conditions | Notes 


Output HIGH Voltage | _ So 0°C to 
1025 870 | aw | 4425°C 


—1085 | —870 —55°C | Vin = Vin (Max) Loading with 


1620 o°Cto | oF Vit (Min) 500 to —2.0V 
+125°C 
—1830 | -1555| mv | —55°C 


0°C to 


— 1085 —55°C | Vin = Vin (Max) Loading with 


° or Vi (Min) 502 to —2.0V 
—1610 — 
+ 125°C 


— 1555 C 


mV 
mV 
mV 
mV 
mV 
Input HIGH Voltage —1165 | —870 mV -—55°C to | Guaranteed HIGH Signal for All Inputs 
+125°C 
Input LOW Voltage 4830 | —1475 mV —55°C to | Guaranteed LOW Signal for All Inputs 
+125°C 
pA 
mA 
mA 
pA 
pA 
A 


Output LOW Voltage 


Output HIGH Voltage 


Output LOW Voltage 





ale 
; 
ao 
° 


Input LOW Current —55°Cto | Veg = —4.2V 
+125°C | Vin = Vit (Min) 
Power Supply Current | —100 —§5to | Veg = —4.2V to —4.8V 
—105 +125°C | Veg = —4.2V to —5.7V 
Input HIGH Current 0°C to _ 
+125°C VEE aa —5.7V 
are Vin = Vin (Max) 


—55°C 


“apps Inputs Open 
fee Veg = —4.2V to —4.8V 
Veg = —4.2V to —5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/Vot- 


Power Supply Current 
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Military Version (Continued) 
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AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


To = + 125°C conan | 
Propagation Delay 
Dr to Output . . . Figures 1,2,3 
Propagation Delay 
LE, E to Output , ; ' Figures 1,2,3 \ 1,2,3,5 


Transition Time Figures 1, 3 
20% to 80%, 80% to 20% ; 9 
Setup Time 
Figures 1, 4 
Hold Time 
Figures 1, 4 
Figt igures 1, 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
A11. 


Note 4: Not tested at + 25°C, +125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/10250-6 
Notes: FIGURE 1. AC Test Circult 


Veo. Veca = +2V, Veg = —2.5V 

L1 and L2 = equal length 5029 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 4F from GND to Voc and Vee 
All unused outputs are loaded with 509 to GND 
C,_ = Fixture and stray capacitance < 3 pF 


Switching Waveforms 


0.7 ns 20.1 ns 0.7 ns£0.1 ns 


TL/F/10250-7 
FIGURE 2. Propagation Delays 


0.7 ns £0.1 ns 0.7 ns£0.1 ns 


tow(H) 
TL/F/10250-8 TL/F/10250-9 


FIGURE 3. Propagation and Transition Times FIGURE 4. Setup, Hold and Pulse Width Times 
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Za National 


Semiconductor 


100344 


Low Power 8-Bit Latch with Cut-Off Drivers 


General Description 


The 100344 contains eight D-type latches, individual inputs 
(D,), outputs (Q,), a common enable pin (E), latch enable 
(CE), and output enable pin (GEN). A Q output follows its D 
input when both E and LE are LOW. When either E or LE (or 
both) are HIGH, a latch stores the last valid data present on 
its D input prior to E or LE going HIGH. 

A HIGH on OEN holds the outputs in a cut-off state. The 
cut-off state is designed to be more negative than a normal 
ECL LOW level. This allows the output emitter-followers to 
turn off when the termination supply is —2.0V, presenting a 
high impedance to the data bus. This high impedance re- 
duces termination power and prevents loss of low state 
noise margin when several loads share the bus. 


Ordering Code: see Section 6 


Logic Symbol 


Dg Dy Dz Os Dy Os Dg 07 
OWLE 


N 
Qq Q OQ, Os Oy Os Og Oy 


TL/F/9883-4 


Connection Diagrams 


24-Pin DIP 


oan Om nar WH NHN = 


TL/F/9883-1 


28-Pin PCC 


Q; Q2 Qs Vers Qy O5 Qe 
OOOOH 





The 100344 outputs are designed to drive a doubly termi- 
nated 502 transmission line (252 load impedance). All in- 
puts have 50 kf pull-down resistors. 


Features 

m= Cut-off drivers 

m Drives 252 load 

mw Low power operation 

m@ 2000V ESD protection 

m Voltage compensated operating range = 
—5.7V 

m Available to MIL-STD-883 


—4.2V to 


Description 


Data Inputs 

Enable Input 

Latch Enable Input 
Output Enable Input 
Data Outputs 


24-Pin Quad Cerpak 
Do E LE Yee Yoca 20 


24 23 22 21 20 19 


7 8 9 10 11 12 


22 BS ba 23 
Dy Dz Ds Vers Dy Ds, Dg 


D7 OEN Voc Veca Voca Q7 


TL/F/9883-3 TL/F/9883-2 
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100344 


Logic Diagram 


Do Dy 


Q 


Truth Table 


Latched* 
Latched* 
Cutoff 


*Retains data present before either LE or E go HIGH. 


H = HIGH Voltage level 

L = LOW Voltage level 

Cutoff = lower-than-LOW state 
= Don’t Care 
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TL/F/9883-5 





Absolute Maximum Ratings 


Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (Tstq) 


Maximum Junction Temperature (Ty) 
Ceramic 


Plastic 


Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
ESD (Note 2) 


Case Temperature (Tc) 
Commercial 
Industrial 


—65°C to + 150°C Military 


Supply Voltage (Veg) 
+476°C pply ge (VEE. 
+150°C 


—7.0V to + 0.5V 
Veg to +0.5V 
—100 mA 

2 2000V 


Recommended Operating 


0°C to + 85°C 


— 40°C to + 85° 
— 55°C to + 125°C 


—5.7V to —4.2V 


preool 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Commercial Version 


DC Electrical Characteristics 
VeE = —4.2V to ~5.7V, Voc = Veca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol | ___Parameter_— | Min. | Typ | Max _| 
Vou __| Output HIGH Voltage m 
VoL Output LOW Voltage — 1830 —1705 — 1620 m 
Vouc | OutputHIGH voltage | -1035 | | = [| m 
VoLc Output LOW Voltage —1610 m 
| 1080 | mu 

m 


Vals Cutoff LOW Voltage A 


inputHIGH voltage | —1165 || 270 | 
Input LOW Voltage — 1830 a —1475 m Guaranteed LOW Signal for All Inputs 


Conditions 


Vin = Vin (Max) Loading with 
or Vit (Min) 250 to —2.0V 


Vin = Vin (Min) Loading with 
or Vi_ (Max) 252 to —2.0V 


Vin = Vin (Min) EN = HIGH 
or Vi_ (Max) 


Guaranteed HIGH Signal for All Inputs 


— 1950 


input LOW Current ee ee 
Input HIGH Curent || Vin = Vin (Ma 


Power Supply Current Inputs Open 
—85 = Vee = —4.2V to —4.8V 
—85 Vee = —4.2V to —5.7V 


—178 
—185 


Vv 
V 
V 
V 
Vv 
Vv 
Vv 
A 





Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Tce = 
Propagation Delay 
Dp to Output 0.90 2.10 0.90 
3.10 1.60 





Figures 1,2 


0 1.00 2.30 (Note 1) 
0 80 3. 


2.1 
Propagation Delay Figures 1, 4 
pe : 3.1 
LE, E to Output nee ! Ne (Note 1) 
Propagation Delay 1.60 4.20 1.60 4.20 1.60 Figures 1, 2 
OEN to Output 1.00 2.70 1.00 2.70 1.00 (Note 1) 
Transition Time : 
20% to 80%, 80% to 20% 0.45 2.00 0.45 2.00 0.45 : Figures 1,3 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Commercial Version (continued) 


DIP AC Electrical Characteristics (continued) 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 
- Setup Time 
Hold Time 


Pulse Width HIGH 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


tPLH 
tPHL 


tPLH 
tPHL 


tPZH 
tpHz 


tTLH 
tTHL 


Propagation Delay 

LE, E to Output 

Propagation Delay 1.60 4.00 1.60 4.00 

OEN to Output . 2.50 1.00 2.50 
0.45 1.90 0.45 1.90 0.45 1.90 


Propagation Delay 
D, to Output 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Hold Time 


Pulse Width HIGH 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 





0.90 1.90 0.90 1.90 
1.60 2.90 1.60 2.90 


Do-D7 


Te= +25 | To = +85C 


0 2.1 
0 3.2 


1.60 
1.00 


Conditions 


Figures 1,3 


Figures 1,3 


Figures 1,3 


Conditions 


Figures 1,2 
(Note 2) 


Figures 1, 4 
(Note 2) 


_ Figures 1, 2 


(Note 2) 
Figures 1, 3 
Figures 1, 3 
Figures 1, 3 
Figures 1, 3 
PCC Only 


(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


PCC Only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp ), or LOW to HIGH (tos_y), or in opposite directions both 
HL and LH (tost). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version 
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DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Veca = GND, To = —55°C to + 125°C 


Output HIGH Voltage —1025 0°C to 


+ 125°C 
Output LOW Voltage —~ 1830 } =1820. 


0°C to 
— 1830 —1555 


Vin = Vin (Max) | Loading with 
or Vi_ (Min) 252 to —2.0V 


+ 125°C 
—55°C 
0°C to 

+125°C 
— 55°C 


0°C to 
+ 125°C 


=55°C 


0°C to 
— 1950 : Vin = Vin (MIN) 
et a + 125°C or VIL (Max) 


Output HIGH Voltage ~1035 


=1085 | 


Vin = Vin (Min) Loading with 
or Vit (Max) 252 to —2.0V 


Output LOW Voltage 1610 


Cutoff LOW Voltage 


— 1850 —55°C 
Input HIGH Voltage 1165 | —870 —55°C to | Guaranteed HIGH Signal 

+ 125°C for All Inputs 
Input LOW Voltage _1g30 | —1475 Guaranteed LOW Signal 

for All Inputs 
Input LOW Current fe al Vee = —4.2V 
Input HIGH Current 
340 


Vin = Vit (Min) 


—195 
—205 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups At, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL. 


—55°C to 
+ 125°C 


— 585°C to 
+ 125°C 


0°C to 
+ 125°C 


— 55°C 


Vee = —5.7V 
Vin = Vin (Max) 


Power Supply Current Inputs Open 
Vee = —4.2V to —4.8V 


Vee = —4.2V to —5.7V 


— 58°C to 
+ 125°C 
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Military Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 

F A : .60 jf 
D, to Output 050 260 | 070 2 Figures 1, 2 
Propagation Delay 
LE, E to Output 0.80" 2.90 Figures 1, 4 
Propagation Delay 1.00 4.60 | 110 4.20 
OEN to Output 3.00 | 0.70 2.80 Figures 1, 2 


Transition Time Be ae 
20% to 80%, 80% to 20% : . . 4 ig : 
Setup Time 
T/ Figures 1, 3 
Figures 1, 3 
Figures 1, 3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’’ specs which can be considered a worst case condition at cold temperatures. 





Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
Alt. 


Note 4: Not tested at +25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Test Circuitry 


SCOPE PULSE 
CHAN A GENERATOR 


PULSE 


GENERATOR Ea 
Ry 
PULSE 
GENERATOR 


TL/F/9883-6 
Notes: FIGURE 1. AC Test Circuit 


Voc. Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 wF from GND to Vcc and Veg 
All unused outputs are loaded with 259 to GND 
CL = Fixture and stray capacitance < 3 pF 
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Switching Waveforms 


1 


preool 


TL/F/9883-7 


TL/F/9883-8 
FIGURE 3. Setup, Hold and Pulse Width Times 


. saa nN aa Ee eee 
DATA 


Seema aw ee ee eee 


LE ORE / Xe 
' 


! 
. ! 
se ee ee es se 


OUTPUT y 





oe TL/F/9883-9 
FIGURE 4. Propagation Delay LE, E toQ 
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100350 


National 


GA Semiconductor 
100350 
Low Power Hex D-Latch 





General Description 


The 100350 contains six D-type latches with true and com- 
plement outputs, a pair of common Enables (E, and E,), 
and a common Master Reset (MR). A Q output follows its D 
input when both E, and E, are LOW. When either E, or Ep 
(or both) are HIGH, a latch stores the last valid data present 
on its D input before E, or E, went HIGH. The MR input 
overrides all other inputs and makes the Q outputs LOW. All 
inputs have 50 kf pull-down resistors. 


Ordering Code: see Section 6 
Logic Symbol 


Do Dy D2 D3 D4 Ds 


Qe Q3 Qs 


TL/F/9884-10 


Connection Diagrams 


24-Pin DIP 


o On OU kW DP = 


= 
no = o 


TL/F/9884~1 


28-Pin PCC 
Dy Dy QyVeEs Aq Oy 2 
Oee OB) 





Features — 

B 20% power reduction of the 100150 

m 2000V ESD protection 

m Pin/function compatible with 100150 

m@ Voltage compensated operating range = 
—4.2V to —5.7V 


Data Inputs 

Common Enable Inputs (Active LOW) 
Asynchronous Master Reset Input 
Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 
E, E, MR Veg Ds Do 


24 23 22 21 20 19 


7 8 9 10 11 12 


DOHORBaS 


Qs Q3 Voc Voc, Qy Op 


TL/F/9884-3 TL/F/9884-2 
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Logic Diagram 


Do 


Truth Tables (Each Latch) 


Latch Operation 


Latched* 
Latched* 


*Retains data present before E positive transition 
H = HIGH Voltage Level 

LOW Voltage Level 

Don't Care 


L 
X 


2-177 


Asynchronous Operation 


TL/F/9884-4 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstg) —65°C to + 150°C 
Maximum Junction Temperature (Ty 
Ceramic a 
Plastic 
Vee Pin Potential to Ground Pin . 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2)  >2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Vege to +0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.5V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


[Suput HIGH Votago | — 1028 | —055 
T= r705_| 


VoH 
VoL 
VOHC 


VoLc 
VIH 


Tinputtow cures [oso [iY CS” 


—89 
—93 


Power Supply 
Current 





Output LOW Voltage — 1830 —1705 
OutputHIGH Voltage | -1035 | | 


Mex] 
ear] 


eae 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Military 

Supply Voltage (Veg) 


0°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


Conditions 


Vin =VIH (Max) 
or ViL (Min) 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


—870 Loading with 


5020 to —2.0V 


Loading with 
502 to —2.0V 


Vin = Vit (Min) 


240 
240 
240 


Vin = VIH (Max) 


Inputs Open 
Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


—44 
—44 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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DIP AC Electrical Characteristics Vee = —4.2V to —5.7V, Voc = Voca = GND 


Conditions 


tpLH Propagation Delay 
tpHL Dp to Output 
(Transparent Mode) 


tpLH Propagation Delay } 07s 185 | 
0 


Figures 1 and 2 


Figures 1 and 3 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 
Do-Ds 1.00 1.00 1.00 
MR (Release Time) 1.60 1.60 1.60 


=0c 
0.50 1.40 0. 1.40 
tPHL E,, Ep to Output 0.75 1.85 0 1.85 
tPLH Propagation Delay 
tPHL MR to Output 0.90 2.10 0 2.10 
36 0 0 1.30 Figures 1 and 2 
2.00 


Figures 3 and 4 


th Hold Time, Dp-Ds 0.40 0.40 


a: Cb 


50 
75 
90 
35 
; Figure 4 


Figure 2 


PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Symbol Parameter os 


50 1.5 
75 2.0 
.90 2.1 
c= 

50 1.3 
75 1.8 
.90 1.9 
35 1 


Figure 3 


Conditions 


0 
0 
0 
= 0°c 
'PLH Propagation Delay 
tPHL D, to Output 0.50 1.20 0 
(Transparent Mode) 
tPLH Propagation Delay 
tPHL Eg, Ep to Output 0.75 1.65 0 
.90 1.90 0 


Figures 1 and 2 


Figures 1 and 3 


0 
5 
0 
Cc 
0 
0.75 1.65 5 
tPLH Propagation Delay 
tPHL MR to Output 0 0.90 1.90 0 
tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% | 9 0.35 1.10 0 
ts Setup Time 

Do~Ds 0.90 0.90 0.90 

MR (Release Time) 1.50 1.50 1.50 


th Hold Time, Do-Ds | 0.30 | 


tow(L) | Pulse Width LOW 
Ea, Eb 


Figures 1 and 2 


Figures 3 and 4 


Figure 4 
Figure 2 


Figure 3 
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100350 





Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


wat [Unto] Te | Condens] 
Output HIGH Voltage | —1025 

mee — 1085 Vin = ViniMax) | Loading with 
Output LOW Voltage | —1830 or Vi_ (Min) 502 to —2.0V 


Output HIGH Voltage | —1035 0°C to + 125°C 
—1085 —55°C Vin = Vin(Min) | Loading with 
| Output LOW Voltage OC to + 125°C | OF Vit (Min) ORs BOY. 


| 
—5 


Input HIGH Voltage 1165 | —870 = —55°C to + 125° Guaranteed HIGH Signal 
for All Inputs 


Input LOW Voltage —1830 | —1475 
Input LOW Current 0.50 Bll 


Input HIGH Current 


V 
V Cc 
Vv 55°C to +125°C Guaranteed LOW Signal 1,2,3,4 
for All Inputs 
Vee = —4.2V 
A 5°C to + 125°C : 
| -setct0 +1286 Vin = Vir (Min) 
A 
A 


p 0°C to + 125°C 
Vee = —5.7V 


Vin = Vin (Max) 
_ Dp —55°C 
Ea, Ep 
Power Supply Current | —138 —64 —55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 
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Military Version-Preliminary (Continued) 


OSE00! 


AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Veca = GND 


Propagation Delay 
Dy, to Output 
(Transparent Mode) Figures 1 and 2 


Propagation Delay 
E,, Ep to Output 


Propagation Delay 

MR to Output , : : : : 6 Figures 1 and 3 
Transition Time 

20% to 80%, 80% to 20% ; : . ; 6 Figures 1 and 2 


Setup Time 
Do-Ds : ? ; Figures 1 and 2 
MR eee Time) 


Pulse Width LOW 2.00 2.00 ‘ Figure 2 
Ea, Ep 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table |) on each Mfg. lot at + 25°C, Subgroup AQ, and at + 125°C, and —55°C temp., Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, +125°C, and —55°C temperature (design characterization data). 
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100350 


Test Circuit 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


ENABLE 


Notes: 


Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Ry = 502. terminator internal to scope 
Decoupling 0.1 F from GND to Voc and Veg 
All unused outputs are loaded with 502 to GND 
C, = Fixture and stray capacitance < 3 pF 


TL/F/9884-5 
FIGURE 1. AC Test Circuit 


Poorer err om eer" 


\ 


ww ee www ew = eo wel Ne ee oro me ne ee we om oe oe ao me + (1,31 V 


TRANSPARENT LATCHED TRANSPARENT 


{PHL tpHL 
<< 
{PLH tPLH 


oes oe oy T loli tention ¥ 


OUTPUT 


tTHL tTLH 


TL/F/9884-6 
FIGURE 2. Enable Timing 
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Switching Waveforms (continued) 


OSE00L 


Pewee ewe we we eee = 


ee ee me we ee ee ee eo wwe ee 


ENABLE TRANSPARENT TRANSPARENT 


MASTER RESET 


OUTPUT 


we ee eS Vw ee we ee oe ee eee S 


TL/F/9884-7 
FIGURE 3. Reset Timing 


TL/F/9884-8 
Notes: 
ts is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 


FIGURE 4. Data Setup and Hold Time 
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100351 


ZA National 


Semiconductor 


100351 
Low Power Hex D Flip-Flop 


General Description 


The 100351 contains six D-type edge-triggered, master/ 
slave flip-flops with true and complement outputs, a pair of 
common Clock inputs (CPg and CPp) and common Master 
Reset (MR) input. Data enters a master when both CP, and 
CP, are LOW and transfers to the slave when CP, and CPp 
(or both) go HIGH. The MR input overrides all other inputs 
and makes the Q outputs LOW. All inputs have 50 kf. pull- 
down resistors. 


Ordering Code: see Section 
Logic Symbol 


MR Qo 


TL/F/9885-11 


Connection Diagrams 


24-Pin DIP/SOIC 


Dy Do QVers A 2; 2 
OOOO Oe 


oon nrneme wane 


= 
npn == © 


TL/F/9885-1 


28-Pin PCC 





U 
(5) 60 eal eS Ba es 
Dy Ds Q5 Vers Qs 4 Oy 


Features 
m 40% power reduction of the 100151 
@ 2000V ESD protection 
w Pin/function compatible with 100151 
# Voltage compensated operating range: 
—4.2V to —5.7V 
m Available to industrial grade temperature range 


Description 


Data Inputs 

Common Clock Inputs 
Asynchronous Master Reset Input 
Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 
CP, CP, MR Ver Ds Dy 


24 23 22 21 20 19 


7 8 9 10 11 12 


Qs 93 Vor Voc, 2 Q» 


TL/F/9885-3 TL/F/9885-2 
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Logic Diagram 


Do 


Truth Tables (Each Flip-tiop) 


Synchronous Operation 


| ory | MA | Ont +t) 


r 
L 
H 
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TL/F/9885~4 


Asynchronous Operation 


| inputs | Outputs | 
| Oy | cre | ch» | wR_| 


Q,p(t+1) 


ee a De 


H = HIGH Voltage Level 

= LOW Voltage Level 
X = Don’t Care 
t = Time before CP positive transition 
t+1 = Time after CP positive transition 
~~ = LOW-to-HIGH transition 
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100351 


Vou Output HIGH Voltage | -1025 | -955 | —-870 Vin =Vin (Max) | Loading with 
or Vi, (Min) 


Absolute Maximum Ratings Recommended Operating. 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales wane Tomperalixe (Tc) ° ° 

Office/Distributors for availability and specification Commercial Werte 
oe a y PecHlea lone: Industrial — 40°C to + 85°C 


Storage Temperature (Tst@). —65°C to + 150°C Military —55°C to + 125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg)  —5.7V to —4.2V 
Ceramic +175°C 


Plastic . +150°C 
Veg Pin Potential to Ground Pin “"  —7.0V to +0.5V 
Input Voltage (DC) Ve to +0.5V 
Output Current (DC Output HIGH) ; —50 mA 


ESD (Note2) ~~ . 4 >2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. : 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 


DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 
Conditions 


502 to —2.0V 


VoL Output LOW Voltage — 1830 —1705 — 1620 


~~ or Vi’ (Max) 502 to —2.0V 


V 
VoHc Output HIGH Voltage | —1035 | | Vin = Vin (Min) | Loading with 


VoLc Output LOW Voltage 


Vin Input HIGH Voltage 1165 
VIL Input LOW Voltage ~ 14830 bt 1475 ie 


Input LOW Current a Vin = Vi (Min) 


Typ 
Input HIGH Current 
pA Vin = Vin (Max) 


lee Power Supply Current mA Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘‘worst case” conditions. 


Guaranteed HIGH Signal 
for All Inputs — 





DIP AC Electrical Characteristics 
VeE = ~—4.2V to —5.7V, Vcc = Voca = GND 


Parameter Tc 25°C c + 85°C 
Toggle Frequency ps7 | 3 Figures 2 and 3 


naar aioe 
| Min Max_| 
erat, [om so [emo [ow oe] m [rw 
A ee 
[oem [ow mow om] 


Conditions 


Figures 1 and 4 


Transition Time 


20% to 80%, 80% to 20% Rgiies Land 
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Commercial Version (Continued) 


DIP AC Electrical Characteristics (continued) 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


1S€00! 


Tc = +85°C 


Conditions 


Setup Time 
Do-Ds 
MR (Release Time) 


0.40 
1.60 


Hold Time 
Do-Ds 


Pulse Width HIGH 
CPa, CPp, MR 


0.80 


0.40 
1.60 


0.80 


SOIC, PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


Toggle Frequency 


Propagation Delay 
CP, CPp to Output 


Propagation Delay 
MR to Output 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Do-Ds 
MR (Release Time) 


fmax 


tPLH 
tPHL 


tPLH 
teHL 


tTLH 


Hold Time 
Do-Ds 


Pulse Width HIGH 
CP,, CPp, MR 


Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 


Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Clock to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Clock to Output Path 


Cc 


Tc = 0° 
7 


375 


0 1.8 


80 : 
1.10 2.10 


0.45 


To = +25°C Toe = +85° 


Cc 


No 
os 
oO 


MHz 





Figure 5 
Figure 4 


Figure 5 


Figures 3 and 4 


Conditions 


Figures 2 and 3 


Figures 1 and 3 


Figures 1 and 4 


Figures 1 and 3 


Figure 5 
Figure 4 


Figure 5 


Figures 3 and 4 


PCC only 
(Note 1) 


PCC only 
(Note 1) 


PCC only 
(Note 1) 


PCC only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosH,), or LOW to HIGH (tos_H), or in opposite directions both 
HL and LH (tosr). Parameters tost and tps guaranteed by design. 
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100351 


Industrial Version 
PCC DC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = = = GND, “: = 0°C to +85°C (Note 1) 


Vou -1085 | ~870 | —1025 Loading with 
VoL Bea eral eT or Vi. (Min) 502 to —2.0V 
VoHc —1095 ~1035 SST, Vin = Vin (Min) | Loading with 
vou ee or Vi. (Max) 500 to —2.0V 
Guaranteed HIGH Signal 


Input HIGH Voltage = = _ 
Vit Input LOW Voltage —1830 _ 4480 1830 1475 Ec See Signal 


lie Input LOW Current Vin =.Vit (Min) 


WH Input HIGH Current 
MR a 350 
Do-Ds 240 
CPa, CPh ae meal 


lee Power Supply Current —129 | -62 | —129 


Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘“‘worst case” conditions. 


PCC AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


tPLH Propagation Delay 
tPHL GPa, CPp to Output Figures 1 and 3 
tPLH Propagation Delay 
tPHL MR to Output 24 yoy 2. 2 2.2 Figures 1 and 4 


Vin = Vin (Max) 





Inputs Open 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


Setup Time 
Do-Ds 


Figures 1 and 3 


Figure 5 


MR (Release Time) 


Figure 4 





Hold Time 
Do-Ds 


towttt) Pulse Width HIGH 
pw CP,, CPp, MR 


Figure 5 


Figures 3 and 4 
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Military Version—Preliminary 


LSE00L 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


[Parameter Min | Max | unite Te [Conditions ———+| 


Output HIGH Voltage _ _ 0°C to 
= 1085 Vin = Vin (Max) | Loading with 


or Vit (Min 50 to —2.0V 
Output LOW Voltage | _jeo9 | _1600 | mv iL (Min) 


Output HIGH Voltage 


Output LOW Voltage po 


Input HIGH Voltage 41165 —~870 
Input LOW Voltage —1830 | —1475 
Input LOW Current 080 


Input HIGH Current 
350 


mV 


3 


< 


Vin = Vi (Min) | Loading with 
or Vi. (Max) 502. to —2.0V 


mV 
—55°C to | Guaranteed HIGH Signal 
mV | +125°C | for All Inputs Versi 


mV —55°C to | Guaranteed LOW Signal 
+ 125°C for All Inputs 


A —55°Cto | Vee = —4.2V 

B +125°C | Vin = Vy. (Min) 
0°C to 
pA | +125°C VEE ay ma ' 
= ax 
500 ; IN IH 
340 Bes ||) 936 , 
Power Supply Current _ —55°C to | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at — 55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL. : 


po 
Lb 
Oo 
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Military Version—Preliminary (Continued) 


AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND 


| Toggle Frequency | Frequency Figures 2and 3 
Propagation Delay 
CPa, CPp to Output Figures 1 and 3 
Propagation Delay 
MR to Output 2.90 Figures 1 and 4 


Transition Time 
Do-Ds 0.90 0.80 0.90 
MR (Release Time) 1.60 1.80 2.60 Figure 4 


Do-Ds 


Pulse Width HIGH 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, Temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at + 25°C, Subgroup AQ, and at + 125°C, and —55°C Temperature, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C and —55°C Temperature (design characterization data). 


Test Circuitry 


PULSE 
GENERATOR 
Notes: 
Voc, Voca = +2V, Vee = —2.5V 
L1 and L2 = equal length 500 impedance lines 
PULSE \ Ry = 502 terminator internal to scope 
GENERATOR ; 
Decoupling 0.1 yF from GND to Voc and Veg 
All unused outputs are loaded with 509 to GND 


C, = Fixture and stray capacitance < 3 pF 


TL/F/9885-5 


Notes: 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
PULSE CIRCUIT fg baa Decoupling 0.1 F from GND to Voc and Veg 
GENERATOR Teer. All unused outputs are loaded with 509 to GND 
C_ = Jig and stray capacitance < 3 pF 


TL/F/9885-6 
FIGURE 2. Toggle Frequency Test Circuit 
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Switching Waveforms 


LSEO0! 


_[t-0.7 + 0.1 ns 
+ 1.05 V 


OUTPUT 


OUTPUT 


TL/F/9885-7 


ts (RELEASE TIME) 


OUTPUT 


OUTPUT 


TL/F/9885-8 
FIGURE 4. Propagation Delay (Reset) 


TL/F/9885-9 
Notes: 
ts is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


FIGURE 5. Setup and Hold Time 
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100352 


ZA National 


Semiconductor 


100352 


Low Power 8-Bit Buffer with Cut-Off Drivers 


General Description 

The 100352 contains an 8-bit buffer, individual inputs (Dn), 
outputs (Qn), and a data output enable pin (OEN). A Q out- 
put follows its D input when the OEN pin is LOW. A HIGH on 
OEN holds the outputs in a cut-off state. The cut-off state is 
designed to be more negative than a normal ECL LOW lev- 
el. This allows the output emitter-followers to turn off when 
the termination supply is —2.0V, presenting a high imped- 
ance to the data bus. This high impedance reduces termina- 
tion power and prevents loss of low state noise margin 
when several loads share the bus. 

The 100352 outputs are designed to drive a doubly termi- 
nated 502 transmission line (250 load impedance). All in- 
puts have 50 k0 pull-down resistors. 


Ordering Code: see Sectioné 
Logic Symbol 


Dp Dy 02 Dz Dy Dg Dg 07 


Qo Q; Q2 Q3 Q4 O25 Q6 Q7 


TL/F/10248-1 


Connection Diagrams 


24-Pin DIP 


Q; Qs Qs Vers Q4 Qs, Qs 
HEB BOee 
an 


oan OW nO WD = 


= 
no = ©& 


TL/F/10248-2 


28-Pin PCC 


ft] Go 2] 22 es B4 BS 


Features 

m Cut-off drivers 

m@ Drives 252 load 

m Low power operation 

m 2000V ESD protection 

m Voltage compensated operating range = 
—5.7V 

m@ Available to industrial grade temperature range 

@ Available to MIL-STD-883 


—4.2V to 


| PinNames | Description 


Data Inputs 

Output Enable input 
Data Outputs 

No Connect 


24-Pin Quad Cerpak 
Dp NC NC Vee Voca % 


i haf | 24 23 22 21 20 19 


7 8 9 10 11 12 





Dz OEN Yee Yeca Yoca 97 
TL/F/10248-3 
TL/F/10248-4 
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Logic Diagram 


cSE00l 


Do 


OEN 


TL/F/10248-5 


H = HIGH Voltage Levelt 

L = LOW Voltage Level 

Cutoff = Lower-than-LOW State 
X = Don't Care 
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100352 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales Case Temperature (Tc) ‘ é 

Office/Distributors for availability and specification commerce oe ee 
2 epee deel bataatasars Industrial —40°C to +85°C 


Storage Temperature (Tstq) —65°C to + 150°C Military —55°C to +125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Vee) —5.7V to —4.2V 
Ceramic +175°C 
Plastic +150°C 

Vee Pin Potential to 
Ground Pin —7.0V to +0.5V 

Input Voltage (DC) Veg to +0.5V 

Output Current (DC Output HIGH) —100 mA 

ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


VoH Output HIGH Voltage -1025 | -955 | -—870 | ay | Vin =Vie Men Loading with 
VoL Output LOW Voltage —1830 | —1705 | —1620 or ViL (Min) 252 to —2.0V 
VoHc Output HIGH Voltage —1035 le ae 

Voc Output LOW Voltage | =| = 1610 | 


Conditions 


Vin = VIH (Min) Loading with 
—1610 or ViL (Max) 252. to —2.0V 


Voz | Cut-Off LOW Voltage [We | =1950 } mv | MIN = Vinny or OEN = HIGH 
IL (Max) 
Vin Input HIGH Voltage 4165 } | 870 ae HIGH Signal 
or All Inputs 
Input LOW Voltage ees ee ape 


Guaranteed LOW Signal 
for All Inputs 
Input LOW Current | | 
Input HIGH Current 


Power Supply Current 
—138 
—-143 --70 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter tee 256 tes 2tSe6 co Conditions 
0 


| 
@ 
N 
ro) 


Vin = VIL (Min) 
Vin = VIH (Max) 
Inputs Open 


Veg = —4.2V to —4.8V 


mV 

V 
mV 
mV 
pA 
pA 
mA | Veg = —4.2V to -5.7V 


| 
~ 
° 





= Oo 
Propagation Delay Figures 1, 2 
Dn to Output 0.70 2.00 0.70 2.0 0.70 2.20 (Note 4) 


Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 Figures 1, 2 
OEN to Output 1.00 2.70 1.00 2.70 1.00 : (Note 4) 


Transition Time Figures 1, 2 
20% to 80%, 80% to 20% 0.45 2.00 0.45 2.00 0.45 2.00 


Note 4: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Commercial Version (Continued) 
PCC and Cerpak AC Electrical Characteristics 


Veg = 4.2V to —§.7V, Voc = Voca = GND 


: : vats 
Propagation Delay Figures 1, 2 
: : F .80 : , 
Dn to Output 0.70 1.80 0.70 1 0.70 2.00 (Note 2) 


cSE00l 


Conditions 


Propagation Delay 1.60 4.00 1.60 4.00 1.60 4.00 Figures 1, 2 


OEN to Output 1.00 2.50 1.00 2.50 1.00 2.50 (Note 2) 


Transition Time Figures 1,2 


PCC only 
(Note 1) 


Maximum Skew Common Edge 


Output-to-Output Variation 230 
Data to Output Path 


ae | mm | 
Maximum Skew Common Edge PCC only 
Output-to-Output Variation 240 (Note 1) 
Data to Output Path 


Maximum Skew Opposite Edge PCC only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


PCC only 
(Note 1) 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tospi), or LOW to HIGH (tos_H), or in opposite directions both 
HL and LH (tos7). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Industrial Version 
PCC DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Veca = GND, To = —40°C to +85°C (Note 3) 


Symbol Parameter ioe Delo see 
| Min Max 

Vou =1025 = 870 

Vot =1830___ = 1620 
Vou 

Vin = ViH(Min) OF 


VoLz Cut-Off LOW Voltage —1950 —1950 
mV 
VIL (Max) 
VIH Input HIGH Voltage ~1170 870 1165 aay Guaranteed HIGH Signal 
for All Inputs 


Conditions 
Vin = ViH(Max) Loading with 
or ViL(Min) 252 to —2.0V 


Vin = VIH(Min) Loading with 
or ViL(Max) 252 to —2.0V 





Input LOW Voltage 1830 —1480 1830 Guaranteed LOW Signal 


for All Inputs 
Input LOW Current 
Input HIGH Current 240 


Power Supply Current 


Vin = ViL(Min) 
Vin = VIH(Max) 


Inputs Open 
Vege = —4.2V to -4.8V 
Vee = —4.2V to —5.7V 





Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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100352 


Industrial Version (continued) 
PCC AC Electrical Characteristics 


Vee = 4.2V to —5.7V, Voc = Voca = GND 
Propagation Delay Figures 1, 2 
; .80 : : : 2.00 
Dn to Output 0.60 1.8 0.70 1.80 0.70 (Note 1) 


Propagation Delay ; 4.40 1.60 4.00 1.60 Figures 1, 2 
OEN to Output 2.50 1.00 2.50 1.00 (Note 1) 


Transition Time 7 
20% to 80%, 80% to 20% 0.40 2.50 0.45 1.90 0.45 1.90 Figures 1, 2 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Junits| Tt | Conaitions | 


Output HIGH Voltage —1025 mV | O°Cto + 125°C 
= 1085 Vin = Vinten Loading with 
Output LOW Voltage | 1830] — 1620 O°Cto +125°C | OF VILMin) 252 to —2.0V 


Output HIGH Vottage [1035] | mv | Octo + 125° 


=1085] | mv | 85°C | Vi = Vinay Loading with 
Output LOW Voltage | —— |—1610 o°Cto +125°C | OF ViL(Max) 250 to —2.0V 
|| = 1555 


Cut-Off LOW Voltage | | — 1950 mV O°C to +125°C | Vin = Vin(Min),OF 


| _{ = 1860] : —55°C ViL(Max) OEN= HIGH 


Input HIGH Voltage —1165| —870 —55°C to + 125°C Guaranteed HIGH signal 1,2,3,4 
for All inputs 
Cc 


— 55°C to + 125°C | Guaranteed LOW signal 


mV 
Input LOW Voltage ~4830| 1475! mv 
for All inputs 
Input LOW Current — 56°C to + 125°C! Ver = 4.2V 
pA 
Vin = Vit(Min) 
pA 
mA 


Input HIGH Current | | 240 | pA | O°Cto + 126°C | Vee = —5.7V 


Power Supply Current —55°C to + 125°C | Inputs Open 
—145 Vee = —4.2V to —4.8V 
—150 Vee = —4.2V to -5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘“‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 
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Military Version (continued) 


AC Electrical Characteristics 
VeE = ~4.2V to —5.7V, Voc = Voca = GND 


To = —55°C To = +25°C | To +125°C 


Parameter 


Propagation Delay 
Dn to Output 


Propagation Delay : 4.40 1.40 4.20 1.20 4.40 
OEN to Output ; 3.00 0.70 2.80 0.70 3.20 


0.40 2.50 0.40 2.40 0.40 2.70 


Transition Time 
20% to 80%, 80% to 20% 





2.60 0.50 2.40 0.50 2.70 eS Figures 1, 2 


cSE00L 


Figures 1,2 | 1,2,3,5 
Figures 1,2 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “cold start" specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and — 55°C temperatures, Subgroups A10 and 


All. 
Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 


Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


Vee | 


FIGURE 1. AC Test Circuit 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 yF from GND to Voc and Veg 
All unused outputs are loaded with 25 to GND 
C., = Fixture and stray capacitance < 3 pF 


Switching Waveforms 
DATA 


OUTPUT 
ENABLE 


bp 


Note: The output AC measurement point for cut-off propagation delay 
testing = the 50% voltage point between active Vo, and Voy. 


FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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TL/F/10248-6 


TL/F/10248-7 
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ZA National 


Semiconductor 


100353 
Low Power 8-Bit Register 


General Description 


The 100353 contains eight D-type edge triggered, master/ 
slave flip-flops with individual inputs (Dp), true outputs (Q,), 
a clock input (CP), and a common clock enable pin (CEN). 
Data enters the master when CP is LOW and transfers to 
the slave when CP goes HIGH. When the CEN input goes 
HIGH it overrides all other inputs, disables the clock, and 
the Q outputs maintain the last state. 


The 100353 output drivers are designed to drive 502 termi- 
nation to —2.0V. All inputs have 50 kN pull-down resistors. 


Ordering Code: sce Sectioné 


Logic Symbol 


Do Dy Dy D3 Dy Ds Dg Dy 


Q Q, Q, Qs Qy Qs Qs Qy 


TL/F/9882-4 


Connection Diagrams 


24-Pin DIP 


onanownwt rnonrkr WD 


= 
nu = OO 


TL/F/9882—1 


28-Pin PCC 


Q; Q Qs Vis Q% O5 Q% 
HOBBS 
Td bet I 





B88 | A) 
(a) 24 B5) 
Dy Dz D3VEEsD4 Ds Dg 
TL/F/9882-3 


Features 

m Low power operation 

m 2000V ESD protection 

m Voltage compensated operating range = 
—5.7V 

g@ Available to industrial grade temperature range 


—4.2V to 


“Piananes [besoin sd 


Data Inputs 

Clock Enable Input 

Clock Input (Active Rising Edge) 
Data Outputs 

No Connect 


24-Pin Quad Cerpak 
Dg CEN cp Ver VocaQ% 


24 23 22 21 20 19 


7 8 9 10 11 12 


Dy NC Voc VocaVecaQ7 
TL/F/9882-2 
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Logic Diagram 


€SE00l 


CEN cp 097 


TL/F/9882~5 


Truth Table 


HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 
= No Change 

= LOW to HIGH Transition 


iC 
Ge 


H 
L 
X 
N 
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Absolute Maximum Ratings 
Above which the useful life may be impared (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature (TsTg) —65°C to + 150°C 


Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 


Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
ESD (Note 2) 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 
DC Electrical Characteristics 


+175°C 


—7.0V to + 0.5V 
Veg to + 0.5V 
—50 mA 
2=2000V 


+150°C 


Recommended Operating 


Conditions 

Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Veg) 


0°C to + 85°C 
— 40°C to + 85°C 
— 58°C to + 125°C 


—5.7V to —4.2V 


VEE = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol | Typ | 


| Min | Typ 
Vou 
Vou 
er ee 
| | = 1610 | 
| | = 270 | 
P| raze | 
| Input Low current | oso | | 
ee aa 


240 
Power Supply Current 
—119 —61 x“ 
—122 —61 


VouC 
Vorc | OutputLowvoltage |_| 


Input HIGH Current 





Conditions 


Vin = Vin (Max) 
or Vi_ (Min) 


Loading with 
502 to —2.0V 


Vin = Vin (Min) 
or Vii (Max) 


Loading with 
500 to —2.0V 


Guaranteed LOW Signal for all Inputs 
Vin = Vit (Min) 
Vin = Vin(Max) 


inputs Open 
Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


mV 
mV 
mV 
mV 
mV Guaranteed HIGH Signal for all Inputs 
mV 
pA 
pA 
A 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case”’ conditions. 


DIP AC Electrical Characteristics v-- = —4.2v to —5.7V, Voc = Veca = GND 


Parameter 


Propagation Delay 
CP to Output 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 
Dn 1.10 
CEN (Disable Time) 0.40 
CEN (Release Time) 1.10 


To= +250 | To= +a5C 


To= 
5 
0 3.00 
5 2.00 


; se aaa 
0.45 2.00 45 


1.4 


Conditions 


| 45 Figures 1, 2 
Figures 1, 2 
(Note 4) 


Figures 1, 2 


3.10 
0 2.00 


1.10 1.10 
0.40 0.40 
1.10 1.10 


Figures 1,3 


Figures 1, 4 


Figures 1, 2 





Commercial Version (Continued) 


€SE001 


Conditions 


Figures 1, 2 


Figures 1,2 
(Note 2) 


S 


~ 


Figures 1,2 


Vee = —4.2V to —5.7V, Vcc = Veca = GND 
= ‘J = °C = = + oO 
Toggle Frequency — 
Propagation Delay 
CP to Output 
20% to 80%, 80% to 20% oa ogers 
Setup Time 
Dn : : 1.00 
CEN (Disable Time) Figures 1, 3 
Hold Time Dn 
toSHL Maximum Skew Common Edge 
Output-to-Output Variation 


PCC and Cerpack AC Electrical Characteristics 
Transition Time 
CEN (Release Time) 
Data to Output Path 


Figures 1, 4 
Figures 1, 2 


PCC Only 
(Note 1) 


tostH Maximum Skew Common Edge PCC Only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


tost Maximum Skew Opposite Edge PCC Only 
Output-to-Output Variation (Note 1) 
Data to Output Path 


tps Maximum Skew PCC Only 
Pin (Signal) Transition Variation (Note 1) 
Data to Output Path 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp ), or LOW to HIGH (toszH), or in opposite directions both 
HL and LH (tog7). Parameters tost and tpg guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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100353 


Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = —40°C to + 85°C (Note 1) 


Tc = —40°C Tc = 0°C to +85°C _ 
Syme mame [win Max | Min Max asa 


VOH Output HIGH Voltage | —1085 -—870 — 1025 —870 mV | Vin = Vin (Max) Loading with 
VoL Output LOW Voltage | —1830 —1575]| -—1830 —1620 | mv | Vi (Min) S0R.to —2.0V 
Vonc | Output HIGH Voltage | —1095 } -1095 {sm | Vin = Vi (Min) | Loading with 
Vote | Output LOW Voltage ~1565 ~1610 | mv | Vi (Max) 502 to —2.0V 
Input HIGH Voltage | —1170 —870 | —1165 ~370 | mv 
Input LOW Voltage —1830  -—1480 — 1830 —1475 mV_ | Guaranteed LOW Signal! for all Inputs 
InputLowCurrent | 050 | oso |_| Vin = Vi (Min) 
Input HIGH Current Vin = Vins (Max) 


Power Supply Current Inputs Open 
ah Vee = —4.2V to —4.8V 


Guaranteed HIGH Signal for all Inputs 


Vee = —4.2V to —5.7V 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “‘worst case” conditions. 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Toggle Frequency 42 | 4250 Figures 1, 2 


Figures 1, 2 
(Note 2) 


5 
Propagation Delay 
CP to Output 1.40 2.8 1.40 2.80 
Transition Time 6A6 ie5 nue or om ae 
20% to 80%, 80% to 20% ‘ : . : : ig ; 


Setup Time 
Dn 0.60 1.00 
CEN (Disable Time) 0.90 . i Figures 1, 3 
CEN (Release Time) 1.40 


Hold Time 0.30 Figures 1, 4 


Dn 
Pulse Width HIGH cP Figures 1, 2 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version—Preliminary 


€S€00! 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Parameter ees J te |_—te—|___Cereters _ 


Output HIGH Voltage | _ _ orc ie 


—1085 Vin = Vins (Max) Loading with 


0°C to or Vi. (Min) 502. to —2.0V 
+ 125°C 
0°C to 
+125°C 


1085 — st Vin = Vin (Min) Loading with 


Output LOW Voltage Leah 0°C to or Vit (Max) 502 to —2.0V 
+ 125°C 


SS) ea are 


Input HIGH Voltage —1165 | —870 ay —55°C to | Guaranteed HIGH Signal for all Inputs 1,2,3,4 
+ 125°C 

Input LOW Voltage 1830 | —1475 ay —55°C to | Guaranteed LOW Signal for all Inputs 
+125°C 

Input LOW Current —58°C to | Veg = —4.2V 
+125°C | Vin = Vit (Min) 


Input HIGH Current A 0°C to 
eX) Scigeegs || NEE at 


ae tt 


Power Supply Current 55°C to Inputs Open 
—125 mA 4125°C VEE = —4.2V to —4.8V 
—130 Vee = —4.2V to —5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘“‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 


Output LOW Voltage —1830 | —1620 | mv 


Output HIGH Voltage ~1035 mV 
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Military Version—Preliminary (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


70 0 0 


Toggle Frequency Figures 1, 2 


; ES 
400 | 400 Mee | 
eles sd ase 0. 330 | 080 310 | 080 3.80 ey 
P Figures 1, 2 
Transition Time 
20% to 80%, 80% to 20% | 040 2:50 | 040 240 | 0.40 2,70 joe | 
Setup Time 
CEN (Disable Time) 0.90 0.70 0.90 Figures 1, 3 
CEN (Release Time) 1.40 F 2.10 
Pulse Width HIGH CP | 2.00 | ns_| Figures 1,2 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroup A9, and at + 125°C and —55°C, temperatures, Subgroups A10 and 


Dn 0.60 0.60 0.60 
Hold Time Dy | 0.30 | os0 Figures 1, 4 
immediately after power-up. This provides ‘‘cold start” specs which can be considered a worst case condition at cold temperatures. 
All. 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 


€Se00! 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/9882-6 
Notes: FIGURE 1. AC, Toggle Frequency Test Circuit 
Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 5029 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Vocg and Veg 
All unused outputs are loaded with 502 to GND 
C_ = Fixture and stray capacitance < 3 pF 


Switching Waveforms 


0.720.1 ns has 0.7 £0.1 ns 
+1.05V 
80% 


OUTPUT 


TL/F/9882-8 
FIGURE 2. Propagation Delay (Clock) and Transition Times 
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100353 


Switching Waveforms (Continue) 


0.7 ns 


t, (release) 


TL/F/9882-9 
FIGURE 3. Setup and Pulse Width Times 


#1,05V 
#0.31V 


+1.05V 


CLOCK 


#0.31V 
TL/F/9882-10 


FIGURE 4. Data Setup and Hold Time 
Note 1: t, is the minimum time before the transition of the clock that information must be present at the data input. 
Note 2: t, is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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ZA National 


Semiconductor 


100354 
Low Power 8-Bit Register with Cut-Off Drivers 


General Description 


The 100354 contains eight D-Type edge triggered, master/ 
slave flip-flops with individual inputs (D,), true outputs (Q,), 
a clock input (CP), an output enable pin (OEN), and a com- 
mon clock enable pin (CEN). Data enters the master when 
CP is LOW and transfers to the slave when CP goes HIGH. 
When the CEN input goes HIGH it overrides all other inputs, 
disables the clock, and the Q outputs maintain the last 
state. 

A Q output follows its D input when the OEN pin is LOW. A 
HIGH on OEN holds the outputs in a cut-off state. The cut- 
off state is designed to be more negative than a normal ECL 
LOW level. This allows the output emitter-followers to turn 
off when the termination supply is —2.0V, presenting a high 
impedance to the data bus. This high impedance reduces 


Ordering Code: see Section 6 


Logic Symbol 


Do Dy Dy D D, Ds Dg D7 


Q OQ Q Q3 Q Q5 O5 Q 
TL/F/10610-1 
Connection Diagrams 


24-Pin DIP 


Dg CEN cp Vee VecaQ% 


oon Om Ok WwW DP = 


_ — = 
nu = © 


TL/F/10610-2 


24-Pin Quad Cerpak 


24 23 22 21 20 19 


7 8 9 10 11 12 


D7 OEN Voc VecaYeca7 


termination power and prevents loss of low state noise mar- 
gin when several loads share the bus. 

The 100354 outputs are designed to drive a doubly termi- 
nated 502 transmission line (259 load impedance). All in- 
puts have 50 kf pull-down resistors. 


Features 

m@ Cut-off drivers 

gm Drives 252 load 

m@ Low power operation 

mw 2000V ESD protection 

m Voltage compensated operating range = 
—5.7V 

m Available to industrial grade temperature range 


—4.2V to 


Data Inputs 

Clock Enable Input 
Clock Input 

(Active Rising Edge) 
Output Enable Input 
Data Outputs 


28-Pin PCC 


Q) Q2 Q3 Vers O4 Q5 6 
Hobe 
a 





29 24 4] 25) 
Dy Dy D3VepsDy Ds Dg 
TL/F/10610-4 





TL/F/10610-~3 
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100354 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales Gass Temperature (To) e zt 

Office/Distributors f ilabilit d ificati Commercial 0°C to + 85°C 
ice/Distributors for availability and specifications. industrial 40°C to +85°C 


Storage Temperature (TsTq) —65°C to + 150°C Military —55°Cto +125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 
Plastic + 150°C 


Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —100 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol | __Parameter__— | Min. | Typ _| Conditions 
Von Output HIGH Voltage | —1025 | —955 | VIN = Vin (Max Loading with 


VoL Output LOW Voltage | —1830 | —1705 or VIL (Min) iced 
VoHc Output HIGH Voltage —1035 Vin = Vin (Min) Loading with 
VoLc Output LOW Voltage or VIL (Max) 252 to —2.0V 


Votz Cutoff LOW Voltage Vin = Vin (Min) OEN = HIGH 
or Vii. (Max) 


VIH Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 

Input LOW Voltage Guaranteed LOW Signal 
for All Inputs 


Input LOW Current VIN = VIL (Min) 
Input HIGH Current Vin = VIH (Max) 


Power Supply Current Inputs Open 

Vee = —4.2V to —4.8V 

Vee = —4.2V to —5.7V 

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 


immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Commercial Version (Continued) 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


.40 


Te Cc 
Propagation Delay 
CP to Output 1.40 3.00 1 3.00 1.50 3.10 


Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 


OEN to Output 1.00 2.70 1.00 2.70 1.00 2.70 


Transition Time 
20% to 80%, 80% to 20% 0.45 2.00 0.45 2.00 0.45 2.00 


CEN (Release Time) ; 1.10 1.10 


Hold Time 
Dn 0.10 
Pulse Width High 
CP 2.00 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Setup Time 
Dn 1.10 1.10 
CEN (Disable Time) 0.40 0.40 
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Conditions 


Figures 1 and 4 


Figures 1 and 4 
(Note 1) 


Figures 3 and 7 
(Note 1) 


Figures 1 and 4 


Figures 2and § 


Figures 1 and 6 





Figures 1 and 4 
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100354 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


fax | Toggle Frequency — 


tpLH Propagation Delay 1.4 
tpHL CP to Output , 


tp7H Propagation Delay 1.60 4.00 1.60 4.00 1.60 4.00 
tpHz OEN to Output 1.00 2.50 1.00 2.50 1.00 2.50 


Conditions 


=a 


Zz ) Figures 1 and 4 


Figures 1 and 4 
(Note 2) 


Figures 3 and 7 
(Note 2) 


fh 
© 
Oo 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


ts Setup Time 
Dn 
CEN (Disable Time) 
CEN (Release Time) 


tH Hold Time 
tow(H) Pulse Width High 


1.90 Figures 1 and 4 


Figures 2 and & 


Figures 1 and 6 


Figures 1 and 4 


PCC Only 
(Note 1) 


tosHL Maximum Skew Common Edge 
Output-to-Output Variation 


Clock to Output Path 


toSLH Maximum Skew Common Edge 
Output-to-Output Variation 
Clock to Output Path 


tost Maximum Skew Opposite Edge 
Output-to-Output Variation 
Clock to Output Path 


we] 
oO 


PCC Only 
(Note 1) 


a 
fA 
oO 


PCC Only 
(Note 1) 


Lee) 
aS 
oO 


tps Maximum Skew 
Pin (Signal) Transition Variation 
Clock to Output Path 


PCC Only 
(Note 1) 


ie) 
an 
oO 





Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp i), or LOW to HIGH (toszH), or in oppostie directions both 
HL and LH (tost). Parameters togt and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = ae = GND, Tc = —40°C to + 85°C (Note 1) 


VoH —1025 | -870 Vin =Vin (Max) | Loading with 
Vouc | OutputHIGH Voltage | -1095 | Vin = Vin (Min) | Loading with 
Vors or Vi_ (Max) 500 to —2.0V 


een i 
Vorz | Cutoff LOW Voltage po eae Vin = Vin (Min) | <= 
be 


V 
Vv or Vi, (Max) OEN = HIGH 
A 


Input HIGH Voltage —1170 870 nw | Sane Signal 
VIL Input LOW Voltage —1830 | —1480 — 1890 4475 Fv | Guaranteed LOW Signal 
| 0.50 | pA [Viv = Vi (Min) 


for All Inputs 
lie Input LOW Current | oso | | 
hi InputHIGH Current | | 240 | ~~ | 240 Vin = Vin (Max) 


IEE Power Supply Current Inputs Open 
—202 —105 mA | VEE = —4.2V to —4.8V 
—209 —105 Veg = —4.2V to —5.7V 


Note 1: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘‘worst case” conditions. 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


= — °C = > = + C) 

Toggle Frequency = ___#¢_ Figures 1 and 4 
Propagation Delay Figures 1 and 4 
CP to Output (Note 2) 
Propagation Delay 1.50 4.10 1.60 4.00 1.60 : Figures 3 and 7 
GEN to Output 1.00 2.50 1.00 2.50 1.00 ; (Note 2) 
Transition Time : 

20% to 80%, 80% to 20% 0.45 1.90 0.45 1.90 0.45 1.90 Figures 1 and 4 


pSEo00l 





Setup Time 
Dn 1.00 1.00 1.00 
CEN (Disable Time) 0.30 0.30 0.30 Figures 2 and 5 
CEN (Release Time) 1.00 1.00 1.00 


Hold Time 
Dn 
Pulse Width High 
CP Figures 1 and 4 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Figures 1 and 6 
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Military Version—Preliminary 


DC Electrical Characteristics 
Vee = —4.2V to —§.7V, Voc = Voca = GND, Tc = —55°C to + 125°C 


[Parameter [Min | wax [unts| to | Conaltions 
Output HIGH Voltage | 
Vin = Vir (Max) | Loading with 
Tse |= me [ =a 
oe | 
p-toes| | mv | 88 | Vin= Vinny | Loading with 
So EU, fren er: 


0°C to + 125°C Vin = VIH (Min) OEN = HIGH 
Input HIGH Voltage 1165 | —870 - 55°C to + 125°C Guaranteed HIGH Signal 
for All Inputs 
Input LOW Voltage —1830 | —1475 55°C to +125°C Guaranteed LOW Signal 
for All Inputs 


i al 
Cutoff LOW Voltage Feil. 
— ae 


Input LOW Current 55°C to + 125° = —4.2V 
Wee = VIL (Min) 


Input HIGH Current ete 0°C to + 125°C VEE = = —5.7V 


Inputs Open 
Vee = —4.2V to —4.8V 
Vee = —4.2V to —5.7V 


— 55°C to 
+ 125°C 


Power Supply Current 
—215 —85 
— 225 —85 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power- ae This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Saber 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/VoL- 
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Military Version—Preliminary (Continueq) 


PSEOOL 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Toggle Frequency — ea Figures 1 and 4 


Propagation Delay Figures 1 and 4| 1, 2,3, 5 
Figures 3 and 7 | 1, 2, 3,5 


CP to Output leo 320 


Propagation Delay 1.20 1.60 4.20 1.40 .30 
OEN to Output 0.70 0.70 2.80 0.70 .20 


Setup Time 
Dn 1.30 
CEN (Disable Time) 0.60 


Figures 2and 5 
CEN (Release Time) 


Hold Time 

; ; Figures 1 and 6 
Pulse Width HIGH 

: : Figures 1 and 4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup AQ. 


Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and 
All, 


Note 4: Not tested at + 25°C, + 125°C, and — 55°C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Transition Time 
20% to 80%, 80% to 20% 0.40 2.50 0.40 2.40 0.40 2.70 eae Figures 1 and 4 
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Test Circuitry 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


CIRCUIT 
UNDER 
TEST 


Vee 


FIGURE 1. Toggle Frequency Test Circuit 


TL/F/10610-5 


TL/F/10610-6 


FIGURE 2. AC Test Circuit 


TL/F/10610-7 


FIGURE 3. AC Test Circuit 
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Notes: 

Voo Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 5029 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 »F from GND to Vcc and Veg 
All unused outputs are loaded with 25 to GND 
C. = Fixture and stray capacitance < 3 pF 


Notes: 

Voo. Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 5029 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 pF from GND to Voc and Vee 
All unused outputs are loaded with 25N to GND 
C, = Fixture and stray capacitance < 3 pF 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 4F from GND to Voc and Vee 
All unused outputs are loaded with 25 to GND 
C, = Fixture and stray capacitance < 3 pF 





Switching Waveforms 


DATA 


OUTPUT 


TL/F/10610-8 
FIGURE 4. Propagation Delay (Clock) and Transition Times 


0.7 ns 0.7 ns 


t, (disable) t, (release) 


TL/F/10610-9 
FIGURE 5. Setup and Pulse Width Times 


#1.05V 
#0.31V 
+1.05V 


CLOCK 
#0.31V 


FIGURE 6. Data Setup and Hold Time 


TL/F/10610-10 


Notes: 
t, is the minimum time before the transition of the clock that information must be present at the data input. 
t, is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


OEN 


OUTPUT 


TL/F/10610-11 


Note: The output AC measurement point for cut-off propagation delay 
testing = the 50% voltage point between active Vo, and Vou. 


FIGURE 7. Cutoff Times 
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100355 


GA National 


Semiconductor 


100355 
Low Power Quad Multiplexer/Latch 


General Description 


The 100355 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (E,) inputs are LOW, the data that appears at 
an output is controlled by the Select (S,) inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Do or Dy, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En- 
ables are LOW) and can steer a HIGH signal from either Do 
or D; to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei- 
ther Do or Dj. A positive-going signal on either Enable input 
latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 
outputs LOW. All inputs have 50 kf. pulldown resistors. 


Ordering Code: see Sectioné 


Logic Symbol 


Features 

mg Greater than 40% power reduction of the 100155 

m 2000V ESD protection 

m Pin/function compatible with 100155 

w Voltage compensated operating range = —4.2V to 
—5.7V 

@ Available to MIL-STD-883 

@ Available to industrial grade temperature range 


Description 


Enable Inputs (Active LOW) 
Select Inputs 


Master Reset 

Data Inputs 

Data Outputs 
Complementary Data Outputs 





TL/F/10147-1 


Connection Diagrams 


24-Pin DIP 


oan 7m nH me WwW HR 


= 
nu = Oo 


28-Pin PCC 


Dib Dob Dye VeEs Pon Ge Oe 


(1) (fo) (9) (6) 2 (e) 15) 
BRERRES 


E8888 
fis] Bo f21] 22) 23} el Bs) 


24-Pin Quad Cerpak 
E, Ey MR Veg Sy Sp 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q Q% Voc VecaG 
TL/F/10147-3 


Dye Dye Dog Vers 1g Ay Oy 


TL/F/10147-2 


TL/F/10147~-4 





2-216 


Logic Diagram 


MR E2 E; Dig Doa 


\/ 


Operating Mode Table 


Latched* 
Latched* 


Dox 
Dox + D4x 


*Stores data present before E went HIGH 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 
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Itrerjrtreite 


-T~o-oee\lyroe x 


mGésKeoi[ereee loo KX 


x x< x 
x< 
< < T 


GTrmirre{i-rewrTiw~x 
<rmilrerctrirriwx 
<mxKxx<ixreit x 


<— < m Pao kK KH] KK XK 


MR | 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


x<xir 


TL/F/10147-5 


mez 


H L 
Latched* 
Latched* 
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100355 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (TsTq) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50mA 
ESD (Note 2) >= 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 
DC Electrical Characteristics 


Recommended Operating 


Conditions 

Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (VEE) 


0°C to + 85°C 
—40°C to +85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Output HIGH Voltage 


VoH 
VoL 
VoHC 


Output LOW Voltage Nh eal 


Input HIGH Voltage | 1105 | 
Input LOW Voltage —1830 


Input LOW Current | 050 | 


Input HIGH Current 
Power Supply Current 


VoLc 
VIH 





IEE 


symbol | Parameter | Min__| Typ _ 
| = 1025 


Output HIGH Voltage | -1035 | | 


Typ 
| Foss | 
Le! 
a 
ees 


| OuiputLowvottage | -1890 | 1705 | -1620_| 
eas 
| =t610 | 


| =40 | ma 


Conditions 
mV 
mV 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


mV Vin = VIH (Min) 
mV or Vit (Max) 
Guaranteed HIGH Signal 
for ALL Inputs 


Guaranteed LOW Signal 
for ALL Inputs 


mV 


mV 


= 


A Vin = Vit (Min) 


BA Vin = Vi (Max) 


inputs Open 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under ‘‘worst case” conditions. 
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Commercial Version (continued) 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


ie =| 


SSEO0L 


Symbol Parameter Conditions 


tpLH Propagation Delay 


tPHL Dna-Dng to Output 
(Transparent Mode) 

tPLH Propagation Delay 

tPHL So, S1 to Output 
(Transparent Mode) 


Figures 1 and 2 


teLy Propagation Delay 
tpHL E,, Eo to Output 


tPLH Propagation Delay 
tani MR to Output 0.80 230 | 0.80 igures 1 and 3 


tTLH Transition Time 
trHe 20% to 80%, 80% to 20% 
Setup Time 
Dna-Pna F t ; Figure 4 
So, Ss; . : 1.70 
MR (Release Time) é . 1.50 Figure 3 


Hold Time 
Dna-Dnd 0.40 f 0.40 Figure 4 
So, $4 0.00 : 0.00 


tow (L) Pulse Width LOW Ej, E Figure 2 


Figures 1 and 2 





tpw(H) | Pulse Width HIGH MR | 200 Figure 3 
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100355 


Commercial Version (continued) 
PCC and Cerpak AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


To = +85°C 3 
Symbol Parameter Conditions 


tPLH Propagation Delay 
tpHL Dna-Dng to Output 
(Transparent Mode) 


tPLH Propagation Delay 
tPHL So, S$, to Output 
(Transparent Mode) 


oo 
So 


Figures 1 and 2 


i 


tPLH Propagation Delay 
tPpHL E;, Eo to Output 


tpLH Propagation Delay 


tpHL MR to Output Figures 1 and 3 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


w 


Figures 1 and 2 


co) 


ts Setup Time 
Dna-Dna 
So, S4 
MR (Release Time) 


Figure 4 


Figure 3 
Hold Time 





Figure 4 


tow (L) Pulse Width LOW Ej, Eo Figure 2 


tow (H) Pulse Width HIGH MR Figure 3 


toSHL Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PCC only 
(Note 1) 


a 
q 
o 


Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


PCC only 
(Note 1) 


ao 
“J 
oO 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


PCC only 
(Note 1) 


fee) 
“I 
o 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


PCC only 
(Note 1) 


i) 
N 
oO 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosn i), or LOW to HIGH (tos_y), or in opposite directions both 
HL and LH (tost). Parameters tog7 and tps guaranteed by design. 
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Industrial Version 
PCC DC Electrical Characteristics 


Veg = —4.2V to —5.7V, Voc = Voeca = GND, To = —40°C to +85°C (Note 1) 


c = —40°C Tc = O°C to + 85°C 
Vou Output HIGH Voltage — 1085 —870 —1025 —870 


VoL Output LOW Voltage —1830  —1575 — 1830 — 1620 
VouHc Output HIGH Voltage ~1095 — 1035 
VoLc Output LOW Voltage —1565 —1610 


ViH Input HIGH Voltage _ _870 41165 —870 
Vit Input LOW Voltage 7 1480 1830 4475 


lie Input LOW Current 50 


NH Input HIGH Current 
So, $4 220 
E;,E2 Et 
Dna-Dnd 340 A | Vin = VIH (Max) 


MR 430 


lEE Power Supply Current —87 4 —87 —40 mA Inputs Open 


Note 1: The specified limits represent the “‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Tc = —40°C Te = +25°C Tc = +85°C 
tpLH Propagation Delay 
0.70 1.80 
js ee ai 
080120 | a = 
0.80 2.10 
0.60 1.30 


SSEOOL 


Conditions 


Vin = ViH (Max) | Loading with 
or Vit (Min) 502. to —2.0V 


Vin = Vin (Min) Loading with 
or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for ALL Inputs 


Guaranteed LOW Signal 
for ALL Inputs 


= 
a 
N 
lo) 


m 
m 
m 
m 
m 
m 


—_ 
ee) 
{a} 
oO 


V 
V 
V 
V 
V 
V 
pA 


Vin = VIL (Min) 





ee) 
a 
Oo 


| 
o 


Conditions 


0 


tpLH Propagation Delay 
tpHL So, S, to Output 
(Transparent Mode) 


6 
Figures 1 and 2 
1.0 9 


tpLH Propagation Delay 


tPHL E}, Es to Output o:80 


tpHL Dna-Dna to Output 0. 0.60 1.70 
(Transparent Mode) 
1.00 2.40 
0.80 1.80 
tpLH Propagation Delay 0.80 2.10 Figures 1 and 3 
0.60 1.30 


tTLH Transition Time 0.40 
tTHL 20% to 80%, 80% to 20% . 


ts Setup Time 
Dna-Dng 0.90 0.80 0.80 
So, $4 2.40 1.60 1.60 
MR (Release Time) 1.50 1.40 1.40 
Dna-Dna 


0.40 0.30 0.30 
So, $4 0.00 —0.10 —-0.10 


1.70 
0 2.40 
1.80 
2.10 
1.90 


Figures 1 and 2 


Figure 4 


Figure 3 
Hold Time 
Figure 4 





Figure 2 
Figure 3 
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100355 





Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Parameter | Min_| Max |unis| Tc || _—Condiitions, 
Output HIGH Voltage V 
ay Vin = ViH (Max) | Loading with 
Output LOW Voltage | — 1830 | —1620| mV or VIL (Min) 502 to —2.0V 
r —a8a0 | — 1588 “55 
Output HIGH Voltage | —1035 | 
| — 1085 | Vin = VIH (Min) Loading with 
| | or VIL (Max) 5029 to —2.0V 


Input HIGH Voltage > a — 55°C to Guaranteed HIGH Signal 
18S my +125°C for ALL Inputs eee 
Input LOW Voltage = 7 — 55°C to Guaranteed LOW Signal 
be aR ce +125°C for ALL Inputs 


Input LOW Current | 050 — 55°C to Vee = —4.2V 
+ 125° Vin = VIL (Min) 
Input HIGH Current 
So, Sy 220 
E;, Eo 350 pA 
Dna-Dna 340 = 
MR 430 MEE = 0-7¥ 
Vin = VIH (Max) 
320 
500 ' 
490 pA 55°C 
630 
| 95 | A 


Power Supply Current m — 55°C to + 125°C | Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C Temp., Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at + 25°, + 125°C, and —55°C Temp., Subgroups 1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL- 


Output LOW Voltage 
BA C 
Cc 


o°C to + 125° 
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Military Version (Continued) 


SSE00l 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


Te = +1256 


Propagation Delay 
Dna—-Dng to Output 
(Transparent Mode) 


Propagation Delay . 
So, S1 to Output 70 | 0.80 3.20 Figures 1 and 2 
(Transparent Mode) 


.20 


Propagation Delay 
E,, Eo to Output 


0.70 2.9 Figures 1 and 3 
Transition Time 
20% to 80%, 80% to 20% 0.40 1.90 Figures 1 and 2 
Setup Time , 
Dna-Ond 0.90 is 0.90 Figure 4 
So, $4 2.40 F 2.40 
MR (Release Time) 1.50 ; 1.50 


Hold Time 
Dna-Dna 0. 40 0. 40 
So, = 0.00 0.00 


Pulse Width HIGH MR dienes Iie 


Propagation Delay 
MR to Output 





P20. | 20 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, Temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at + 25°, Subgroup AQ, and at + 125°C, and —55°C Temp., Subgroups A10 & A11. 
Note 4: Not tested at +25°C, + 125°C and —55°C Temperature (design characterization data). 
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100355 


Test Circuit 


Notes: 












24 23 22 21 20 19 
18 


17 
16 
18 
14 


13 
7 8 9 10 11 12 





Vec 


FIGURE 1. AC Test Circuit 
(Using Quad Cerpak) 


TL/F/10147-6 


Voc. Voca = +2V, Veg = —2.5V 

Li and L2 = equal length 502 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND 

OC, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


Switching Waveforms 











0.7+0.1 ns 















--4 rococo srse 4 +1.05V 
Dna-Dog 
So, Sy 
\ 
Nee ee oe ee oe ee ee oe ee Ne ee ee ee ee we we $0.31 V 
tow ——— 
+1.05 V 
ENABLE TRANSPARENT LATCHED TRANSPARENT 
+0.31V 














tPHL 
teLy 


Chane hen tee ieetenle \ 


|« tPHL 
1 tpLH 


Paw ww oe oso 


/ A 


80% 
N 


50% 
20% 


Yen oe se oe oe ome oe 


——<—— 





OUTPUT 


er 


tTHL: tTLH 


TL/F/10147-7 
FIGURE 2. Enable Timing 
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Switching Waveforms (Continueg) 
RESET TIMING 


ENABLE TRANSPARENT 


SSE001 


Pe2 eee eee e@ see == 


LATCHED TRANSPARENT 


te (RELEASE TIME) 


RESETISET 


core —* 


4 
OUTPUT 


onan eens wens 


/ 


Ne te cs ee ae ce ene cae ee ee eo oe eo 


TL/F/10147-8 


FIGURE 3. Reset Timing 


+ 1.05 V 


+0.31V 
TL/F/10147~-9 
FIGURE 4. Data Setup and Hold Times 
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Notes: 

ts is the minimum time before the transition of the enable that information 
must be present at the data input. 

tp is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 





100360 


ZA National 


Semiconductor 


100360 
Low Power Dual Parity Checker/Generator 


General Description 


The 100360 is a dual parity checker/generator. Each half 
has nine inputs; the output is HIGH when an even number of 
inputs are HIGH. One of the nine fnputs (lg or Ip) has the 
shorter through-put delay and is therefore preferred as the 
expansion input for generating parity for 16 or more bits. 


The 100360 also has a Compare (C) output which allows 
the circuit to compare two 8-bit words. The C output is LOW 
when the two words match, bit for bit. All inputs have 50 kN 
pulldown resistors. 


Ordering Code: see Sectioné 
Logic Symbol 
Ia toa Iya Ia tga laa Isa Iba Ia lob Ib lab Isp lab Isp len Ib by 


Za C 2 


TL/F/10611-1 


Connection Diagrams 
24-Pin DIP 


IS lea '3aVeeS!20 10 oa 
tee 7 Ee TZ (6) 3) 
| 


oon Om MO Ft WS NH 


—_ - 
no —-~ Oo 


TL/F/10611-2 


- 28-Pin PCC 


Features 

m Lower power than 100160 

m 2000V ESD protection 

g@ Pin/function compatible with 100160 

m Voltage compensated operating range = 
—5.7V 

™ Min to Max propagation delay 35% tighter than 100160 

@ Available to industrial grade temperature range 


—4,2V to 


| _PinNames | ___—Description 


las Ibs Inas Inb Data Inputs 
Za Zb Parity Odd Outputs 
Cc Compare Output 


24-Pin Quad Cerpak 
lob Nb lob Vee '7a 6a 


24 23 22 21 20 19 


7 8 9 10 11 12 


i) al (2) 22 23 B4 fa 
3p Igy 'SpYeEs '6b 7b |b 





Zh © VocVoca Ze 'a 


TL/F/10611-4 TL/F/10611-3 
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Logic Diagram 


Ib "7b fed Isp lap Ian lab Ib loo las Iva lea ISa '4a ta loa Va loa 


U UL Ud 


O9E001 


i ||| 


TL/F/10611-5 


Truth Table (ach Halt) 


Comparator Function 
C = (loa ® Ita) + (l2a @ Iga) + (I4a © I5a) + (loa © I7a) + (lob © lth) + (lab © Igb) + (lab © I5b) + (lob © !7b) 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales C : = ; 

_ ae Pee praaees commercial 0°C to + 85°C 
Office/Distributors for availability and specifications. Industrial ~40°C to +85°C 
Storage Temperature (TsTq) —65°C to + 150°C Military —55°C to +125°C 


Maximum Junction Temperature (Ty) Supply Voltage (VEE) —5.7V to —4.2V 
Ceramic +175°C 


Plastic +150°G 
Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Input Voltage (DC) Veg to +0.5V 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) 22000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Case Temperature (Tc) 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol | Parameter | win | Typ | Max 


VoH 


VoL Output LOW Voltage — 1830 —1705 — 1620 


Conditions 


Vin = Vin (Max) Loading with 
or VIL (Min) 5020 to —2.0V 


or ViL (Max) 502 to —2.0V 


Vorc | OutputLowvottage | | | = 1610 | 


ViH Input HIGH Voltage Guaranteed HIGH Signal 


ae aa eee for All Inputs 
Input LOW Voltage —1830 1475 Guaranteed LOW Signal 
for All Inputs 


| Input LOW Current —_| LOW Current | pa | Vin = Vit (Min) 


Input HIGH Current 
las Ib Vin = Vin (Max) 
Inav Inb 


Power Supply Current =o a= aia e Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


= 9° =+ °C = +85°C 


Propagation Delay 
Ina» Inb to Za, Zp 


Propagation Delay 
lar nptOoC Figures 1 & 2 


Voc Output HIGH Voltage Se Vin = Vin (Min) | Loading with 





Propagation Delay 
Ig, Ip tO Za, Zp 


Transition Time 
20% to 80%, 80% to 20% 
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Commercial Version (continuea) 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Veco = Voca = GND 


O9€00} 


Conditions 


Propagation Delay 
Ina» Inb to Za Zp 
= Figures 1 & 2 


= 0c 
1.10 2.75 
Propagation Delay 1.10 2.80 
Ina> Inb to C 
Propagation Delay 0.50 1.20 
0.35 1.10 


la» Ip to Za Zp 


Transition Time 


Cc 
5 
0 
0 

20% to 80%, 80% to 20% : 


1.10 2.7 
1.10 2.8 





| Min Max _| 


Industrial Version 


PCC DC Electrical Characteristics 
VEE = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) 


Von Output HIGH Voltage | —1085 -870 | -1025 — —870 Vin =Vin (Max) | Loading with 
V 


Vo. __| OutputLowvoltage | —1830 ~1575 | -1830  —1620 
Voc | OutputHIGH Voltage | -1095 | —1035 
Voic | OutputLowVoltage | ss — 1565 | 


or Vii (Min) 502 to —2.0V 


m 
m 

m Vin = Vin (Min) | Loading with 
mi or Vj (Max) 502 to —2.0V 
m 

m 

ph 


Vv Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Input HIGH Current 
la, Ib pA Vin = Vin (Max) 
Ina, Inb 


leg Power Supply Current | -100 50 | —100 —50 Inputs Open 


Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 
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Industrial Version (Continued) 
PCC AC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND 


ies oe ee ee To = +85°C 
1.0 


Conditions 


: ° sal | 110 avs | 110275 | ne 

Propagation Delay 1.00 2.80 jos | 
ees Figures 1&2 

0.50 1.20 tae | 

0.35 1.10 Ee 


Propagation Delay 


Ina> Inb to Za, 2p 


Transition Time 
20% to 80%, 80% to 20% 


1.10 2.75 1.10 2.75 

1.10 2.80 1.10 2.80 
Propagation Delay 0.60 1.30 0.60 1.30 
las Ib to Za, Zp 

0.35 1.10 0.35 1.10 
Military Version — Preliminary 


DC Electrical Characteristics 
VeE = —4.2V to —5.7V, Vcc = Voca = GND, To = —55°C to + 125°C 


[te [| eonattions ———_—| 


Output HIGH Voltage | _ ja56 0°C to 


+125°C 


—55°C Vin = Vin (Max) | Loading with 
Output LOW Voltage _1830 | —1620 


OC to or Vi (Min) 502 to —2.0V 
+ 125°C 
— 1830 — 1555 

Output HIGH Voltage ~ 1035 
— 55°C Vin = Vin (Min) Loading with 

Input HIGH Voltage z. aoe . cy ras Signal er 

Input LOW Voltage —~ 1830 = ee . Sry ne ca Signal 

Input LOW Current | oso f —55°Cto | Veg = —4.2V 


0°C to 
Output LOW Voltage 
+125°C 


| Units | 
— 55°C 
Pp [sie 
OCto. | or Vit (Max) 502 to —2.0V 
ce m 
pies Par [=a | 





0°C to 
+ 125°C Vee = —5.7V 


Vin = Vin (Max) 


+ 125°C Vin = Vit (Min) 
Input HIGH Current S| ao 
las Ib 340 
Ina Inb 240 
la, | 490 - 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 
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Military Version — Preliminary (Continued) 


O9E001 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


Parameter re = ~55°c To = +25°C | Te = + 125°C 


Propagation Delay 1 
Ina Inb to Za, Zp 


5 
1 0 
Propagation Delay 0 0 
las ly to Zg, Zp 
Transition Time 0 0 

20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C), then testing 
immediately after power-up. This provides ‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


.00 2.9 1.00 2.95 1.00 2.95 jos | 
Propagation Delay 
= : : : ; : 0 : 
nar Inp to C 00 3.0 1.00 3.00 1.00 3.00 Figures 1&2 
.40 1.4 0.50 1.50 0.50 1.50 pve | 
35 1.1 0.35 1.10 0.35 1.10 pve | 





Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table |) on each mfg. lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 
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Test Circuitry 


PULSE 
GENERATOR 


24 23 22 21 


FIGURE 1. AC Test Circuit 


Notes: 

Voc: Veca = +2V, Veg = —2.5V 

L1 and L2 = equal length 502 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 «F from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND 

C, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


Switching Waveforms 


0.720.1 ns 0.7+0.1 ns 


OUTPUT 


COMPLEMENT 


{TLH | Leta 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/10611-6 


TL/F/10611~7 





GA National 


Semiconductor 


100363 
Low Power Dual 8-Input Multiplexer 


General Description 


The 100363 is a dual 8-input multiplexer. The Data Select 
(Sp) inputs determine which bit (An and B,) will be present- 
ed at the outputs (Zg and Zp respectively). The same bit 
(0-7) will be selected for both the Z, and Zp output. All 
inputs have 50 kN. pulldown resistors. 


Ordering Code: see Section é 


Logic Symbol 


A aes i a ta B3 Bs Bs Bg B7 


TL/F/10612-1 


Connection Diagrams 


24-Pin DIP 


ooaoant rnune wn — 


TL/F/10612-2 


28-Pin PCC 
Ag As AgVees Az Ap Ay 
to &) (6) 


5.58.8 ,8,8 
{9 Go 2) 22 23 2a BS 


Features 

m 50% power reduction of the 100163 

m 2000V ESD protection 

a Pin/function compatible with 100163 

@ Voltage compensated operating range = 
—5.7V 

w Available to MIL-STD-883 

g Available to industrial grade temperature range 


—4.2V to 


Data Select Inputs 
A Data Inputs 
B Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
By So 54 Veg So Az 


7 24°23 22 21 20 19 


7 8 9 10 11 12 
By 2b Voc Voca Za Ao 
TL/F/10612-3 


TL/F/10612-4 
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100363 


Logic Diagram 


Bo B, Bo 


eA tet th HITT 


Truth Table 





L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


H = HIGH Voltage Level 
= LOW Voltage Level 
Blank = X = Don’t Care 


Ea 


erferfer er laren _ 
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Absolute Maximum Ratings 
Above which the useful life may be impared (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Ts7cG) —65°C to + 150°C 
Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DC Output HIGH) —50 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to + 0.5V 


Commercial Version 


DC Electrical Characteristics 


Recommended Operating 
Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 

Supply Voltage (Veg) 


0°C to + 85°C 
— 40°C to + 85°C 
— 55°C to + 125°C 


—5.7V to —4.2V 


Vee = —4.2V to —5.7V, Vcc = Voca = GND, To = 0°C to +85°C (Note 3) 


VOH 
VoL 
VoHC 
VoLc 


Output LOW Voltage ie ay 
Input HIGH Voltage —1165 
Input LOW Voltage — 1830 


| input Low Current | 0.60 _| 
| 80 _| 


Input HIGH Current 


Sn 
An Bn 


Power Supply Current 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 





DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Vcc = Voca = GND 


Parameter 


Propagation Delay 
Ag-A7, Bo—-B7 to Output 


Propagation Delay 
So-Soa to Output 


Tc = 0°c 
0 


Transition Time 
20% to 80%, 80% to 20% 


symbol | Parameter | Min_| Typ _| 
~870 
| OutputHHIGH Voltage | 1035 | | 


70 1.65 
1.30 2.60 
0.45 1.30 


| Max _| 
| =870_| 
ed 
| = 1610 | 


aes 


265 
340 
—40 


| =40_ | ma 


Te = +25°C | To = +85°C 
0.80 1.70 | 0.80 1.80 
140 270 | 140 270 
045 1.30 | 0.45 1.30 
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Conditions 


Vin = Vin (Max) 
or Vi, (Min) 


Loading with 
502 to —2.0V 


Loading with 


or Vi (Max) 502 to —2.0V 


Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 
Vin = Vit (Min) 
Vin = Vin (Max) 


V 
V 
V Vin = Vin (Min) 
V 
V 
V 


m 
m 
m 
m 
m 
m 
pA 
pA 
Inputs Open 


Conditions 


Figures 1 and 2 
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Commercial Version (Continued) 


PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND 


= 7° = 0, = 4 ° 


0.80 1.70 0.80 1.80 js | 
1.40 2.70 1.40 2.70 ne | 
0.45 1.30 0.45 1.30 ns | 


Conditions 


Propagation Delay 
Ao-A7, Bo-B7 to Output 


0.70 1.65 
Propagation Delay 

130 26 
So-Soe to Output r 

0.45 1.30 


Figures 1 and 2 


Transition Time 
20% to 80%, 80% to 20% 
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Industrial Version 


€9€001 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) 


To = —40°C Tc = OC to + 85°C 

VOH Output HIGH Voltage | —1085  -—870 ~—1025 —870 

VoL Output LOW Voltage —1830 -—1575 — 1830 — 1620 

VoHC Output HIGH Voltage | —1095 —1035 

VoLc Output LOW Voltage —1565 —1610 

VIH Input HIGH Voltage -1170 —870 —1165 —870 
Input LOW Voltage —1830  -—1480 — 1830 —1475 
Input LOW Current 0.50 

Sn 


5 265 
An: Br 0 340 
Power Supply Current —80 —35 Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Symbol Parameter Conditions 


< 


Vin = Vin (max) Loading with 
or Vi_ (min) 50M. to —2.0V 


Vin = Vin (min) Loading with 
or Vit (max) 502 to —2.0V 


<|<|< 


Guaranteed HIGH Signal for All Inputs 


m 
mV | Guaranteed LOW Signal for All Inputs 


Vin = Vit (min) 
Vin = Vin (Max) 


Input HIGH Current 


Vv 
pA 
pA 





26 
38 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


To = -40C | To = +25°C | To = +85°C 


Parameter Conditions 


Propagation Delay 
Ag-A7, Bo-B7 to Output 


Figures 1 and 2 





0.60 1.65 | 080 1.70 | 080 1.80 

Propagation Delay 1.20 260 | 140 270 | 1.40 270 

So-S2 to Output 
Transition Time 0.30 1.90 | 045 130 | 045 1.30 
20% to 80%, 80% to 20% 
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Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, — = a to +125°C 


Output HIGH Voltage —1025 | —870 0 oe 


+ 125°C 


—55°C Vin = Vin (Max) Loading with 
0°C to or Vy, (Min) 502 to —2.0V 


+ 125°C 
—55°C 


0°C to 
+125°C 


—55°C | Vin = Vin (Min) Loading with 
0°C to or Vii (Max) 502 to —2.0V 


+ 125°C 
— 55°C 


—55°C to | Guaranteed HIGH Signal for All Inputs 
+ 125°C 

—55°C to | Guaranteed LOW Signal for All Inputs 
+ 125°C 


—55°C to | Veg = —4.2V 
+125°C | Vin = Vir (Min) 


mV 


=870 


Output LOW Voltage —1830 | —1620 


Output HIGH Voltage —~4035 


Output LOW Voltage a) aes 


|_| = 1558 


V 


3 


< 


mV 


Input HIGH Voltage 1165 | —870 
Input LOW Voltage 1475 


Input LOW Current 


Input HIGH Current 
265 
340 


bw 
© @ 
8 joa 


0°C to 

+125°C | Vee = —5.7V 
Vin = Vin (Max) 
—55°C 


—§5°C to | Inputs Open 
+ 125°C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals ~55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/VoL.- 


Power Supply Current 
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Military Version (Continued) 
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AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Serr Mia ias To = +125°C 


Propagation Delay 
Ao-A7, 89-B7 to Output 


Figures 1 and 2 


Transition Time 
20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides ‘‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table !) on each manufactured lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C, temperatures, Subgroups A10 and 
All, 


Note 4: Not tested at + 25°C, + 125°C, and —55°C temperature (design characterization data). 





0.50 2.40 0.60 2.30 0.70 3.00 
Propagation Delay 
S9-Sp to Output 0.80 3.00 0.90 2.80 0.80 3.40 
0.30 1.90 0.40 1.80 0.30 2.10 


Test Circuitry 


24 23 22 21 20 19 
18 


17 
16 
15 
14 


13 
7 8 9 10 11 12 


SCOPE 
CHAN B 


Notes: TL/F/10612-6 
Veo Voca = +2V, Veg = —2.5V FIGURE 1. AC Test Circuit 

L1 and L2 = equal length 50 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 »F from GND to Vcc and Veg 

All unused outputs are loaded with 502 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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Switching Waveforms 


0.7 20.1 gat r 0.7+0.1 ns 
+1.05 V 
80% 


INPUT 50% 
20% 


| - ee v 


80% 
OUTPUT 





lage a 


FIGURE 2. Propagation Delay and Transition Times 
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ZA National 


Semiconductor 


100364 


p9E00! 


Low Power 16-Input Multiplexer 


General Description 

The 100364 is a 16-input multiplexer. Data paths are con- 
trolled by four Select lines (Sg—S3). Their decoding is shown 
in the truth table. Output data polarity is the same as the 
seleted input data. All inputs have 50 kQ pulldown resistors. 


Ordering Code: see Section 6 


Logic Symbol 


2 hola Ig fg Is te tz Ig tg tro bya bya N43 tra is 
0 


Si 
S2 
S3 


TL/F/10265-1 


Connection Diagrams 


24-Pin DIP 


oan Doar wn — 


_— —- = 
nyo —- oOo 


TL/F/10265-2 





28-Pin PCC 


Nha hs yo Vees 4a ho Ig 
Hobo &) 
fas fs f 


a 
fs] Bo [29] 22) 23] B4 BS) 
lo ty lo Vers ls le ts 


Features 
m 35% power reduction of the 100164 
m 2000V ESD protection 
m Pin/function compatible with 100164 
@ Voltage compensated operating range 
= —4.2V to —5.7V 
m Available to industrial grade temperature range 
m Available to MIL-STD-883 


[_Pinnanes | __ovearion | 


Data Inputs 
Select Inputs 
Data Output 


24-Pin Quad Cerpak 
Ss So Sy Vee So Ns 


24 23 22 21 20 19 


7 8 9 10 11 12 


lg '7 VecVeca 2 |g 
TL/F/10265~3 


TL/F/10265-4 
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Logic Diagram 


v9E00! 


Ig No oss hag a ss 


o 
” 
= 
2 

N 
” 
=< 
~s 

- 
” 
Pd 
= 


ly So 


lg 


TL/F/10265-5 


Truth Table 


ITrTrirrcrcrceTe 


vf 
vee 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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Absolute Maximum Ratings 

Above which the useful life may be impaired (Note 1) 

if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 


P9E001 


0°C to + 85°C 


—40°C to + 85°C 
—55°C to + 125°C 
—5.7V to —4.2V 


Industrial 
Military 
Supply Voltage (Vee) 


Storage Temperature (TstG) —65°C to + 150°C 


Maximum Junction Temperature (Ty) 
Ceramic 
Plastic 

Pin Potential to 
Ground Pin (Veg) 


Input Voltage (DC) 

Output Current 
(DC Output HIGH) —50 mA 

ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+ 175°C 
+ 150°C 


—7.0V to +0.5V 
Veg to +0.5V 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


vo v= i a 
erin 


Loading with 


VoL 502 to —2.0V 


Loading with 
502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vit (Min) 
Vin = Vin (Max) 
Inputs Open 


—1165 


ae a LET 


|_lnputLow Curent | 0.5 | 
| inputHiGH Curent | || 800 |_| 
| PowerSupplyCurent | a9 | | -45 | ma_| 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operate under “worst case” conditions. 


DIP AC Electrical Characteristics 
VeE = —4.2V to —5.7V, Voc = Voca = GND 


eee ee 
[oem [om aw [ow am [= 
[eee [ow a [wee | 
= [wm [ow oe | 
=m [es [oo |= 


Conditions 


Propagation Delay 
lo-I45 to Output 


Propagation Delay 
So, S; to Output 
Propagation Delay 
So, S3 to Output 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1, 2 


0 
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100364 


Commercial Version (continued) 
PCC and Cerpak AC Electrical Characteristics 


VeE = —4.2V to —5.7V, Voc = Voca = GND 


we <—. Conditions 


Propagation Delay 
lo—l45 to Output 


0 0.90 


90 1 
1.40 2.60 1.50 : 
Figures 1, 2 
1.00 2.00 1.10 : 
0.35 1.10 0.35 . 


T =_ 

0.90 1.80 

Propagation Delay 

So, $1 to Output 1.40 2.60 

Propagation Delay 

So, S3 to Output 1.00 2.00 

Transition Time 

20% to 80%, 80% to 20% | %95 1.10 


Industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 3) 


mm oe 


| Min Max 
Vouo Vin = Vin (Win) | Loading with 
Vou eM 3[ SOR 2 ay 
VIH Input HIGH Voltage Guaranteed HIGH Signal for All Inputs 
Vi Guaranteed LOW Signal for All Inputs 
in| tnputtowurent | 05 | 05 |__| Vin= Vu Min 
im | ImputHiGHOurent_| 928 | «628 *|_wA_| Vw = Vin (Max) 
ee =39 45 inputs Open 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life imparied. Functional operation under these 
conditions is not implied. 

Note 2; ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Industrial Version (Continued) 


PCC AC Electrical Characteristics 
Veg = —4.2V to —5.7V, Voc = Voca = GND 


7 


Propagation Delay 
lo-145 to Output 


+ 25°C 


Propagation Delay 


So, S1 to Output 


Propagation Delay 
So, S3 to Output 


Transition Time 
20% to 80%, 80% to 20% 


Military Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Veca = GND, To = —55°C to + 125°C 


a =| a 
0°C to 
+ 125°C 


Output HIGH Voltage 
0°C to 


+ 125°C 


0°C to 
+ 125°C 


0°C to 
+ 125°C 

—55°C 
— 55°C to 
+ 125°C 


—55°C to 
+125°C 


— 55°C to 
+ 125°C 


0°C to 
+ 125°C 


Vin = Vin (Max) 


Ree or Vi (Min) 


— 1830 


— 1035 


—1085 
Input HIGH Voltage —1165 
Input LOW Voltage — 1830 


— 870 


—870 


Output LOW Voltage — 1620 


— 1555 


Vin = Vin (Min) 
or Vii (Max) 


Output HIGH Voltage 


Output LOW Voltage 1610 


— 1555 


—870 


—1475 


Vee = —4.2V 
Vin = Vi (Min) 


Vee = —5.7V 


Input LOW Current 


Input HIGH Current 





Power Supply Current 





Vin = Vin (Max) 


p9E00! 


Conditions 
Figures 1, 2 


Loading with 
502 to -2.0V 


Loading with 
500 to —2.0V 


Guaranteed HIGH Signa! 
for All Inputs 
Guaranteed LOW Signal 
for All Inputs 


—55°C to | Inputs Open 
+ 125°C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 


considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups, 1, 2, 3, 7 and 8. 
Note 3: Sampled tested (Method 5005, Table |) on each manufactured lot at 
Note 4: Guaranteed by applying specified input condition and testing VoxH/VoL- 
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—55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7 and 8. 





100364 


Military Version (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter 


Propagation Delay 
lo—I45 to Output 


Propagation Delay 
So, S3 to Output 


Transition Time 
20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup AQ. 
Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at +25°C, Subgroup A9, and at + 125°C, and —55°C temp., Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C and —55°C temperature (design characterization data). 





Propagation Delay 
So, S; to Output Figures 1, 2 


Test Circuit 


24 23 22 21 20 19 
PULSE aa 


GENERATOR 
17 


16 


15 
14 


13 
7 8 9 10 14 12 


TL/F/10265-6 


FIGURE 1. AC Test Circuit 
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Switching Waveforms 


0.7+0.1 ns 


p9EO0l 


OUTPUT 


) 
_ Ee x is TL/F/10265-7 


FIGURE 2. Propagation Delay and Transition Times 


Notes: 

Voc: Voca = +2V, Veg = ~—2.5V 

L1 and L2 = Equal length 509 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 »F from GND to Voc and Vee 

All unused outputs are loaded with 502 to GND 

CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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100370 


ZA National 


Semiconductor 


100370 
Low Power Universal Demultiplexer/Decoder 


General Description 


The 100370 universal demultiplexer/decoder functions as 
either a dual 1-of-4 decoder or as a single 1-of-8 decoder, 
depending on the signal applied to the Mode Control (M) 
input. In the dual mode, each half has a pair of active-LOW 
Enable (E) inputs. Pin assignments for the E inputs are such 
that in the 1-of-8 mode they can easily be tied together in 
pairs to provide two active-LOW enables (Ej, to Eyp, Eo, to 
Epp). Signals applied to auxiliary inputs Ha, Hp and Hg deter- 
mine whether the outputs are active HIGH or active LOW. In 
the dual 1-of-4 mode the Address inputs are Aga, Aja and 
Aop; Aib with Agg unused (i.e., left open, tied to Veg or with 


Ordering Code: see Section 
Logic Symbols 


Single 1-of-8 Application 


Zo 21 22 Za Za 25 Ze 27 


TL/F/10649-1 


Connection Diagrams 


24-Pin DIP 


oon naonrkuwns — 


{i} Go] (2) G2) 3) 24) 5) 


Dual 1-of-4 Application 


Zoa Z1a Z2a 230 Zod Z1b Zz Z3p 


28-Pin PCC 


LOW signal applied). In the 1-of-8 mode, the Address inputs 
are Aga, Ata, Aza with App and Ap LOW or open. All inputs 
have 50 kQ. pulldown resistors. 


Features 

m@ 35% power reduction of the 100170 

m 2000V ESD protection 

 Pin/function compatible with 100170 

m Voltage compensated operating range = 
—5.7V 


—4.2V to 


Description 


Address Inputs 
Enable Inputs 
Mode Control Input 
Zo-Z3 (Zoa-Z3a) 
Polarity Select Input 
24-27 (Zop—Z3b) 
Polarity Select Input 
Common Polarity 
Select Input 
Single 1-of-8 
Data Outputs 
Dual 1-of-4 
Data Outputs 


TL/F/10649-4 20-27 


Zna Znb 


24-Pin Quad Cerpak 


710 228 Ha Fog ob Ver Ei Ete 


Aza M Ata Vers Apa(Z4)(Z2) 
HOOD 
fanaa 


24 23 22 21 20 19 


7 8 9 10 11 12 


Zon Zt YoeVoca 230 Z00 
(Z6)(Z5) (Zs)(Zp) 
TL/F/10649-3 


He Hy Ag Vers Atp Z3b Zob 


TL/F/10649-2 





(Z7)(Z4) 
TL/F/10649-5 
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Logic Diagram 


OZEOOL 


Hp He He EovEi Ai M AzgEzeE1a Ate Ada 


Za Zt Zop 22d 230 218 Zon = Ze 


abet: (27) (2s) (2) (Zs) (23) (21) (Zo) (Za) 
Note: (Z,) for 1-of-4 applications. TL/F/10649-6 


Truth Tables 


Dual 1-of-4 Mode (M = Aza = He = LOW) 


Active LOW Outputs 
(Hg and Hp Inputs LOW) 


Single 1-of-8 Mode (M = HIGH; Agp = Aib = Ha = Hp = LOW) 


Active HIGH Outputs* 
(He, Input HIGH) 


Ep | Aza| Ata| Aca | 0 | 21 | Z2| 23] Za | 25 | Ze | 27 





[re a cal ao reee|x x | mil 
crer[erre|zx| 
x oc reer |xx| 


coer zerc|(rer 
ree rere[ee 
cmrroiere rece[ee| 
rrmirere rerel(ee| 
I-erre rere|er 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

*for He = LOW, output states are complemented 
E, = Eyq and Ej, wired; Ep = E204 and Exp wired 
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100370 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales C : 4 . 

: i Paes abi ommercial 0°C to + 85°C 
Office/Distributors for availability and specifications. — _: “Industral ~40°C to +85°C 
Storage Temperature (Tstg) —65°C to + 150°C Military —~55°C to +125°C 


Maximum Junction Temperature (Ty) Supply Voltage (Veg) —5.7V to —4.2V 
Ceramic +175°C 


Plastic + 150°C 
Vee Pin Potential to Ground Pin —7.0V to + 0.5V 
Input Voltage (DC) Veg to + 0.5V 
Output Current (DC Output HIGH) | —50mA 
ESD (Note 2) 2=2000V’ 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


. Case Temperature (Tc) 


Commercial! Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


symbol | Parameter | Min. | Typ_|  Max_| 
Vor 
Vor__| Output Low vottage | -tea0 | -1705 | -1620 | 
Vouc 
Vors | OutputLowvottage | | 
Vii 


Conditions 


Vin = Vin (Max) - Loading with 
or Vi (Min) 502 to —2.0V 


| Units_| 
| | Vin = Vin (Min) Loading with 
| -t610 | mv _| 


—1610 or Vit (Max). 500 to —2.0V 


Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 


pf A | Vi = ie in 
| 240 | eA | Vin = Vin (Max) 


pA 
mA inputs Open 


le Input LOW Current | 0.50 | 
NH Input HIGH Current aa 
IEE Power Supply Current | 95 


Note 3: The specified limits represent the “worst case” value for the parameter..Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


3 
as 
are 
ana 
ia 
sae 
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Commercial Version (Continued) 


0ZE00! 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Vcca = GND 


Parameter Tce = oC To = +25°C To = +85°C 


Propagation Delay 

Ena: Enb to Output oo 0. 1. 
Propagation Delay ; 
Ana: Anb to Output . 


Conditions 


Figures 1 and 2 


aa eed 
0.75 2.20 0.75 2 
ances 
= 
cae oo 
0.75 
0.75 
5 
1.10 : 
0 


2.05 
2.30 
2.20 
3.00 
1.30 





PCC and Cerpak AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


5 
0 
‘0 
4 
3 
1.65 
.00 
00 
0 
2 


| Min Max | Min Max__| Min Max | 

cemecome: (0% tee dam tae [ons tae 

Ana Anb to Output 0.75 2.00 fo7s 200 [07s aso | 

ce 
1.10 2.50 110250 | 110 200 | 
.40 1.20 


Conditions 


4 
0.85 1.85 
Propagation Delay poe ™ 

7 2. 0.75 2.00 Figures 1 and 2 
Propagation Delay 
M to Output 2.5) 1.10 2.80 
Transition Time 


. 
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100370 


industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 3) 


Symbol! Parameter TcreiG totes cS 
VoH Output HIGH Voltage —1025 —870 Vin = Vin (Max) | Loading with 
Vo. __| Output LOW Voltage -1830  — 1620 orNne Ann) suycna chs 
Vouc _ | Output HIGH Voltage 1035 Vin = Vin (Min) | Loading with 
Vote Output LOW Voltage —1610 or Vit (Max) 502 to —2.0V 


Vin Input HIGH Voltage ~4170 _870 1165 870 mV Guaranteed HIGH Signal 
for All Inputs 

Input LOW Voltage _ 1830 — 1480 — 1890 1475 Py, Guaranteed LOW Signal 
for All Inputs 


Input LOW Current Vin = Vit (Min) 


Conditions 


InputHIGH Current | 300.‘ Vin = Vin (Max) 


—95 —50 Inputs Open 


Power Supply Current 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


PCC AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Parameter Conditions 


Propagation Delay 
Ena: Enb to Output 


Propagation Delay 
Ana: Anb to Output 


Propagation Delay - 


0.7 : ; : . : igures 71 2 
Ha, Hp, He to Output 2 Figui and 


Propagation Delay 
M to Output 1.10 2.50 ‘ 2.50 


Transition Time 
4 : 0. . .40 f 
20% to 80%, 80% to 20% pee Wea on 120 ve 
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Military Version—Preliminary 


OZE001 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


| Parameter | in| 


0°C to 
Output HIGH Voltage Wee B70 Ny +125°C 


—870 Vin = Vin (Max) | Loading with 


0°C to or Vii (Min) 502 to —2.0V 
—1830 | —1620 
Output LOW Voltage +125°C 


=1830 | —1855 


0°C to 
Output HIGH Voltage Ustea 


+125°C 
| —1085 | Vin = Vin (Min) | Loading with 


0’C to or Vi_ (Max) 50 to —2.0V 
+ 125°C 
mV —55°C 


—55°C to | Guaranteed HIGH Signal for 
+125°C All Inputs 


—55°C to | Guaranteed LOW Signal for 
+ 125°C All Inputs 


—55°Cto | Veg = —4.2V 
+125°C | Vin = Vit (Min) 


0°C to 
+125°C 


mV 
mV 
mV 
mV 
mV 


— 1610 mV 


Output LOW Voltage 


Input HIGH Voltage 870 
Input LOW Voltage 1475 
Input LOW Current oso | 


Input HIGH Current 

He; Aga: Ata: Aza 310 

All Others 250 

He, Aga Ata Aza 465 —55°c | VIN = Vin (Max) 

All Others 350 

Power Supply Current - 7 —55°C to 
cineca can am +126¢ | nPuls Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals — 55°C, then testing immedi- 
ately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start’ specs which can be considered a 
worst case condition at cold temperatures: 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specific input condition and testing VoH/VoL- 


mV 1,2,3,4 


mV 


pA 
pA 
Vee = —5.7V 

A 


Be 


Be 
> 
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100370 


Military Version—Preliminary (Continued) 


AC Electrical Characteristics 
Vee = —4.2V to —-5.7V, Voc = Voca = GND 


= — °, — ° = ae o 
Parameter Tc 55°C To = +25°C Tc 125°C 


Propagation Delay 
Ena: Enb to Output 


0.90 2.30 0.90 2.20 0.90 2.30 

Propagation Delay 

Ana: Anb to Output 1.00 2.80 1.00 2.70 1.00 2.90 

Propagation Delay : 

Hay Hp, Hp to Output 1.00 3.00 1.00 2.90 1.00 3.00 Figures 1 and 2 
0.45 1.70 0.45 1.70 0.45 1.80 


Propagation Delay 
M to Output 


Transition Time 
20% to 80%, 80% to 20% 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table I) on each Mfg. lot at + 25°C, Subgroup AQ, and at + 125°C, and —55°C Temp., Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C and —55°C Temperature (design characterization data). 


Test Circuit 


24 23 22 21 20 19 
18 


7 
16 
15 
14 


TL/F/10649-7 
FIGURE 1. AC Test Circuit 


Notes: 

Voo: Vcoca = +2V, Vee = —2.5V 

Lt and L2 = equal length 509 impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 F from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C._ = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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Switching Waveforms 


0ZE00} 


0.7+0.1 ns 


OUTPUT 


tTLH 
TL/F/10649-8 


FIGURE 2. Propagation Delay and Transition Times 
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100371 


ZA National 


Semiconductor 


100371 
Low Power Triple 4-Input Multiplexer with Enable 


General Description 


The 100371 contains three 4-input multiplexers which share 
a common decoder (inputs Sp and $4). Output buffer gates 
provide true and complement outputs. A HIGH on the En- 
able input (E) forces all true outputs LOW (see Truth Table). 
All inputs have 50 k© pull-down resistors. 


Ordering Code: see Section6é 


Logic Symbol 


E toa Va laa '3a lop tid lab Iap toe Ne Ize I3e 


TL/F/10048-1 


Connection Diagrams 


24-Pin DIP/SOIC 


tb lob © Ver Sy So 


oan nonmnrnhk wnrhy = 


= 
nu + © 


TL/F/10048-2 


24-Pin Quad Cerpak 


24 23 22 21 20 19 


7 8 9 10 11 12 


Z, Ze VecVocaZn 2b 


Features 

@ 35% power reduction of the 100171 

m 2000V ESD protection 

m Pin/function compatible with 100171 

m Voltage compensated operating range = 
—5.7V 

g Available to industrial grade temperature range 


—4.2V to 


Data Inputs 

Select Inputs 

Enable Input (Active LOW) 
Data Outputs 
Complementary Data Outputs 


28-Pin PCC 


I5q loa Nevers loa Ze Ze 
Hoe) e) ft) 
BRERERE ES 





9 [21] B4 BS 
lob 3b loc VEES Htc Ie I3¢ 
TL/F/10148-4 


TL/F/10048-3 
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100371 


E 
© 
ha 
ra) 
& 
Q 
2 


Log 


TL/F/10148-5 


Truth Table 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


H = 
L= 
x= 
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100371 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, . 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstq) —65°C to + 150°C 
Maximum Junction Temperature (T) 
Ceramic 
Plastic 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 
Output current (DC Output HIGH) —50 mA 
ESD (Note 2) > 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


+175°C 
+ 150°C 


Ver to +0.5V 


Commercial Version 
DC Electrical Characteristics 


-7.0Vto +0.5V 


Recommended Operating 
Conditions 
Case Temperature (Tc) 
Commercial 
- Industrial 
Military 
Supply Voltage (Vee) 


0°C to +85°C 
— 40°C to + 85°C 
—55°C to + 125°C 


—5.7V to —4.2V 


Ver = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol 


Vou 
VoL 
VoHc 


VoLc 
VIH 


Input HIGH Current 


lox-l3x 





Power Supply Current 


Conditions 


Vin = Vin (Max) 
or Vit (Min) 


Loading with 
509 to —2.0V 


Vin = Vin (Min) 
or Vi, (Max) 


Loading with 
509 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = Vir (Min) 


AY Vin = Vin (Max) 


Inputs Open 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version— (Continued) 


DIP AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


= +25°C 
pri 1 
Figures 1 and 2 
(Note 1) 


LZ€00} 


Conditions 


Propagation Delay 


So, S1 to Output 
Propagation Delay 
E to Output 


Transition Time 


lox—l3, to Output 
20% to 80%, 80% to 20% Figures f and 2 





Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


SOIC, PCC and Cerpak AC Electrical Characteristics 


VEE = —4.2V to —5.7V, Voc = Voca = GND 


Symbol Parameter Conditions 


teLH Propagation Delay 
tpHL lox—!3x to Output 


Figures 1 and 2 
(Note 2) 


teLH Propagation Delay 2.20 
tPHL So, S1 to Output : 


tPLH Propagation Delay 
tPHL E to Output 0.65 2.10 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


toSHL Maximum Skew Common Edge 
Output-to-Output Variation 
Data to Output Path 


tosLH Maximum Skew Common Edge 
Output-to-Output Variation 490 
Data to Output Path 


S 


0.35 


— 
ake 
oO 


Figures 1 and 2 


PCC only 
(Note 1) 


PCC only 
(Note 1) 


tost Maximum Skew Opposite Edge 
Output-to-Output Variation 490 
Data to Output Path 


PCC only 
(Note 1) 


tps Maximum Skew 
Pin (Signal) Transition Variation 430 
Data to Output Path 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tosp 1), or LOW to HIGH (tos_y), or in opposite directions both 
HL and LH (tog). Parameters tost and tps guaranteed by design. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


PCC only 
(Note 1) 
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100371 


industrial Version 


PCC DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —40°C to +85°C (Note 1) 


Tc = —40°C Tc = 0°C to + 85°C = 
Syme Peeler anak [in Max | iscsi 
Voy | OutputHIGH Voltage | —1085 —870 | —1025 —870 Vin =Viy (Max) | Loading with 
VoL Output LOW Voltage | —1830 —-—1575 —1830 — 1620 or Vit (Min) 502M to —2.0V 
Vouc Output HIGH Voltage | —1095 —1035 Vin = Vin (Min) | Loading with 
Vo.c _| Output LOW Voltage SABE, ce. tei || any). 


Vin Input HIGH Voltage 1170 —870 1165 _870 mV Guaranteed HIGH Signal 
for All Inputs 

VIL Input LOW Voltage - —1830 —1480 —1830 —1475 mV Guaranteed LOW Signal 
for All Inputs 


Input LOwCurent_ | oso | aso A | Viv = Vu (Min) 


Input HIGH Current ' 
lox-!3x 340 340 A Vin = Vin (Max) 
So, $1,E 300 300 2 
lee Power Supply Current —75 —35 —75 —39 Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 


PCC AC Electrical Characteristics . 


Veg = —4.2V to —5.7V, Vec = Voca = GND 





Parameter Conditions 


Propagation Delay 
Iox—I3x to Output 


Propagation Delay Figures 1 and 2 
So, S41 to Output me a (Note 2) 
.65 2.10 


1.30 0.45. 1.30 0.45 


0.90 2.20 1.00 2.40 
Propagation Delay 
E to Output 0 0.65 2.10 0.75 2.20 . 
Transition Time 0.20 fae a ae eis a one 
20% to 80%, 80% to 20% ; : . ; : : ig 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version—Preliminary 


LZ€001 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C 


Vin = V (Max) Loading with 
or Vit (Min) 500 to —2.0V 


Vin = Vin (Min) Loading with 
Output LOW Voltage or Vi, (Max) 502 to —2.0V 


pe mv | 
Input HIGH Voltage eS _ —55°C to | Guaranteed HIGH Signal 
a shi mY _|_ +1256 | forall nputs 
Input LOW Voltage _ _ -55°C to | Guaranteed LOW Signal 
een) 1830 | 1475 | mV | 426°C. | for All Inputs 
Input LOW Current —55°Cto | Veg = —4.2V 


+ 125°C Vin = Vir (Min) 


= M 
pon Vin = Vin (Max) 
So, $4,E 
Power Supply Current -—55°C to Inputs Open 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissapation after power-up. This provides ‘‘cold start’ specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at — 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vox/VoL. 


Input HIGH Current 
lox-I3x 340 
So, $1,E 300 Vee = —5.7V 
490 
450 
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100371 


Military Version—Preliminary (continued) 


AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND 


Propagation Delay 


Transition Time 
20% to 80%, 80% to 20% 





elt Output 0.30 1.90 0.40 1.70 0.30 2.00 
femasr [ow [ow | 

So, S; to Output = Figures 1 and 2 
Propagation Delay 

Pn ee : 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately after power-up. This provides “‘cold start’ specs which can be considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup AQ. 

Note 3: Sample tested (Method 5005, Table 1) on each mfg. lot at + 25°C, Subgroup AQ, and at + 125°C and —55°C temperatures, Subgroups A10 and A11. 
Note 4: Not tested at + 25°C, + 125°C and —55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Test Circuitry 


PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


7 
16 
15 
Notes: 
Voc: Voca = +2V, Vee = —2.5V 


L1 and L2 = equal length 502 impedance lines 


Rr = 502 terminator internal to scope 

Decoupling 0.1 yF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


TL/F/10148-6 
FIGURE 1. AC Test Circuit 
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Switching Waveforms 


1 ZE001 


0.7+0.1 ns = : 0.7+0.1 ns 
+1.05V 


OUTPUT 


COMPLEMENT 


TL/F/10148-7 
FIGURE 2. Propagation Delay and Transition Times 
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100389 


GA National 


Semiconductor 


100389 


ADVANCE INFORMATION 


Single Supply Hex CMOS-to-ECL Translator 


with Cutoff Drivers 


General Description 


The 100389 is a hex translator for converting CMOS logic 
levels to positive referenced F100K ECL logic levels (or 
PECL). This translator is designed to operrate from a single 
+5V supply, eliminating the need for a separate —5V sup- 
ply. The differential outputs of the 100389 due to its high 
common mode rejection, overcomes voltages gradients be- 
tween the CMOS and ECL ground systems. 


ALOW on the input enable pin (E) sets the true outputs to a 
LOW state and the inverting outputs to a HIGH state. 


Logic Symbol 


Q % % % ®% % GF A & % & O 
TL/F/10999-1 


Connection Diagrams 


24-Pin DIP/SOIC 


oomnwr op FF WH = 


no = Oo 


TL/F/10999-2 


Features 

m Operates from a single +5V supply 
= Differential ECL outputs 

m 2000V ESD protection 


| Pinwames | Description | 


Data Inputs (CMOS) 


Data Outputs (PECL) 
Inverting Data Outputs (PECL) 
Enable Input (CMOS) 





28-Pin PCC 


Dy Dy % VeEs OO 
HORA) 
Ch 





Y/Y 
oo a GA 
Dy Ds Q5 Vees 5 Q% Oy 


TL/F/10999-3 
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Za National 


Semiconductor 


100390 
Low Power Single Supply Hex ECL-to-TTL Translator 


General Description 


The 100390 is a hex translator for converting F100K logic 
levels to TTL logic levels. Unlike other level translators, the 
100390 operates using only one +5V supply. Differential 
inputs allow each circuit to be used as an inverting, non- 
inverting, or differential receiver. An internal reference gen- 
erator provides Vgp for single-ended operation. The stan- 
dard FAST® TRI-STATE® outputs are enabled by a com- 
mon active low TTL compatible OE input. Partitioned Vocs 
on chip are brought out on separate power pins, allowing 
the noisy TTL Vcc power plane to be isolated from the rela- 
tively quiet ECL Voc. The 100390 is ideal for applications 
limited to a single + 5V supply, allowing for easy ECL to TTL 
Interfacing. 


Ordering Code: see Section6 
Logic Symbols 


TL/F/10897-1 


Connection Diagrams 


24-Pin DIP/SOIC 


28-Pin PCC 


Features 

m Operates from a single +5V supply 

m TRI-STATE outputs 

m 2000V ESD protection 

™ Vee supplied for single-ended operation 


Data Inputs (PECL) 

Inverting Data Inputs (PECL) 
Data Outputs (TTL) 

Output Enable (TTL) 
Reference Voltage (PECL) 


24-Pin Quad Cerpak 


Ds Dy Dy GND Ds Ds 5 ECL 


oon Donk wh = 


TL/F/10897-2 


HHOaWeo 
BREE 


(9 Bo a BS ea Bs 
By Dj Dp GND Dy Oy a, 


Dy Dz OE Veg Vag Ds 


24 23 22 21 20 19 


7 8 9 10 11 12 





TL/F/10897-3 Q. A GNO GND Qz Qy 


cc 
TL/F/10897-4 
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O6E001 





100390 


Logic Diagram Detail 


SEE DETAIL | > Yep 
“ey 


DIFFERENTIAL TTL 
PECL TO TTL OUTPUT 
TRANSLATOR BUFFER 


Vpp (PECL) 
GENERATOR 


TL/F/10897-11 


TL/F/10897-5 


Control TTL 
i Outputs 
| Dn | Da | OF | Gm | 


Outputs Disable 
Differential Operation 
Differential Operation 
Invalid Input States 
Invalid Input States 
Invalid Input States 
Single Ended Operation 
Single Ended Operation 
Single Ended Operation 
Single Ended Operation 
Single Ended Operation 
Single Ended Operation 





H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


rFrrerrarcecccirn 


H = HIGH Voltage Level 
L = LOW Voltage Level 
Z = HIGH Impedance 

U = Undefined 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 


Maximum Junction Temperature 
Ceramic 
Plastic 


Vcc Pin Potential to 
Ground Pin 


TTL Input Voltage (Note 2) 
TTL Input Current (Note 2) 
Vpp Output Current 
ECL Input Potential 


Voc Differential 
ECL Vcc to TTL Vcc 


+175°C 
+ 150°C 


—0.5V to +7.0V 

—0.5V to +7.0V 

—-30 mA to +5.0mA 
—5.0 mA to +1.0 mA 
GND to ECL Vcc + 0.5V 


—1.0V to + 1.0V 


Voltage Applied to Output 
in High State (with Voc = OV) 
TRI-STATE Output 

Current Applied to Output 
in Low State (Max) 


ESD Last Passing Voltage (Min) 


—0.5V to + 5.5V 


Twice the Rated Io. (mA) 
2000V 


Recommended Operating 


Conditions 
Case Temperature 0°C to + 85°C 
Supply Voltage + 4.75V to + 5.25V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics ect oe = +5.0V 5%, TTL er = +5.0V +5%, GND = OV 


Symbol 


Input HIGH Voltage 


Input LOW Voltage 


Conditions 


Guaranteed HIGH Signal for ALL 
le Berroe. lelee bp ECE NGS 0870 sean Inputs (with One Input Tied to Vgp) 


| v_ | Guaranteed HIGH Signal (TTL) 


Data Guaranteed LOW Signal for ALL 
i 3 = 
cee pats east gee cca ag Sene[ Inputs (with One Input Tied to Vea) 


| v_ | Guaranteed LOW Signal (TTL) 


Output Reference Voltage ——— Voc — 1.38 | ECL Voc — 1.26 ae lpg = 0.0 mA or —1.0mA 


Output HIGH Voltage (TTL) 


Output LOW Voltage (TTL) 


Input HIGH Current 





Input LOW Current | OE | 
Input Breakdown Current | OE | 


Output HIGH 
Output LOW 
~150 


Common Mode Voltage ECL Vcc — 
Clamp Diode Voltage 


lon = —3mA 


V | Iol = 24mA 


Vin = Vin(Max), Do-Ds = Ves, 
Do-Ds = = Vi_(Min) 


Vin = 2.7V (TTL) 
A | Vin = 0.5V (TTL) 
Vin = 7.0V (TTL) 


Vin = GND, Do-Ds = Vep 
Do-Ds = ViL(Min) 


Vout = +2.7V 


pA 


pA 


A Vout = +0.5V 


mA 

mA | TRI-STATE 

mA_ | Low State 

mA _ | HIGH State 

mA_ | Vout = 0.0V, Voc = +5.25 
Required for Full Output Swing 


ECL Vcc — 0.5 
In = =18mA 
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100390 





DIP AC Electrical Characteristics 
Voc = 5.0V +5%; Tc = 0°C to + 85°C 


= eC = °C = + °C 
Maximum Clock Frequency a 
Propagation Delay 
Data to Output 
Output Enable Time 
Output Disable Time 


SOIC, Cerpak and PCC Package AC Electrical Characteristics 


Voc = B.OV +5%: T c = 0°C to +85°C 


= °C c=t+ eC 


Propagation Delay 

Data to Output 

Output Enable Time 2.7 4.6 2.7 4.6 3.0 
3.7 2.3 3.7 2.6 

Output Disable Time 2.3 4.4 2.3 
; 2.0 3.4 2.0 


Switching Waveforms 


0.70.1 ns 


ECL Vog - 0.95V 


PECL INPUT 


ECL Vog - 1.69 


TTL 
OUTPUT 


TL/F/10897-6 


OE INPUT 


7H 


TTL OUTPUT 


TTL OUTPUT 


TL/F/10897-10 


FIGURE 2. Enable/Disable Propagation Delay 
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Test Circuit 


L 


ECLV og - 1.32V 


= i ECLV og ~ 0.95V 
ECLV og - 1.69V 


FeecL 


ECLV og 


= 
TILY¢¢ 


100390 


TL/F/10897-7 


FIGURE 3. AC Test Circuit 


Notes: 

GND = OV, ECL Voc = +5V, TTL Voc = +5V 

L1 and L2 = equal length 509 impedance lines 

502 terminators are internal to S/H measurement unit 
Decoupling 0.1 pF from GND to ECL Voc and TTL Voc 
All unused outputs are loaded with 500M to GND 

C_ = Fixture and stray capacitance = 50 pF 

Switch S1 is open for tpLy, tpHL, tpHz and tpzq tests 
Switch S1 is closed only for tp_z and tpz, tests 


Application Notes 


1. 


Device performance will be enhanced by the use of dual 
Vcc power planes as illustrated in the Application Fig- 
ures 4 and 5. This will minimize the coupling of TTL 
switching noise into the primary reference to the ECL 
circuitry and take full advantage of the 100390’s on chip 
Vcc partitioning. 


. The device’s partitioned Vcc may be operated from two 


5V, 5% tolerance, supplies provided that they are 
ramped up/down together so that the max differential is 
1V. This is to prevent overstress to internal ESD diodes. 
If the ECL driver to the F390 is powered from a separate 
supply, it must obey this sequence rule also. 


. Glitch-free power up, independent of Data input levels, is 


achieved if TTL logic HIGH is held on the Output Enable 
pin during ramping up/down of the Vcc supply. 
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. Undefined output states can occur for some invalid com- 


binations. See Truth Table. This should be avoided to 
prevent possible oscillation or increased power con- 
sumption due to TTL outputs biased into a quasi state 
with both pullup and pulldown stages partially on. TRI- 
STATEing the outputs will counteract the effects of inval- 
id input states. 


. Pins 8, 15, and 22 on the 28-pin PCC package are tied to 


the chip’s substrate and are named GNDs. These pins 
are electrically common to the ground pins 1, 2, and 28. 
For best thermal performance, tie the GND pins to the 
circuit ground plane. They may be tied to an electrically 
isolated thermal dissipation plane or may float. 


. Figure 4 illustrates typical differential input operation. 
. Figure 5 illustrates typical single-ended input operation. 
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100390 


Application Notes (continuea) 


Voc + 5-0 VDC 


TTLVog PLANE 


ENABLE 
TTL OUT 


100390 


FIGURE 4 


Voc + 5.0 VDC 


Ber too PLANE TTLV oq PLANE 


ENABLE 
TTL OUT 


100390 


FIGURE 5 
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TL/F/10897-8 


TL/F/10897-9 





16001 


ZA National 


Semiconductor 


100391 
Low Power Single Supply Hex TTL-to-ECL Translator 


General Description Features 

The 100391 is a hex translator for converting TTL logic lev- ™@ Operates from a single +5V supply 
els to F100K ECL logic levels. The unique feature of this m Differential ECL outputs 

translator, is the ability to do this translation using only one =m 2000V ESD protection 

+5V supply. The differential outputs allow each circuit tobe — g Companion chip to 100390 hex ECL-to-TTL translator 
used as an inverting/non-inverting translator, or as a differ- 

ential line driver. A common enable (E), when low, holds all 

inverting outputs HIGH and all non-inverting inputs LOW. 

The 100391 is ideal for those mixed ECL/TTL applications 

which only have a + 5V supply available. When used in the 

differential mode, the 100391, due to its high common mode 

rejection, overcomes voltage gradients between the TTL 

and ECL ground systems. 


Ordering Code: see Section6 


Logic Symbol 


| PinNames [Description | 


Data Inputs (TTL) 


Data Outputs (PECL) 
Inverting Data Outputs (PECL) 


%% 4H YY GO Enable Input (TTL) 





TL/F/10939-1 


Connection Diagrams 


24-Pin DIP and SOIC 28-Pin PCC 

Dy Dg Q GNDS Q Q, Q 

7 ff (3) (6) (5) 
BeanheEeE 





on Oo oO Fr WwW BS 


LF 
DOR ae 
TL/F/10939-3 


TL/F/10939-2 
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100391 


Logic Diagram 


Truth Table 
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TL/F/10939-5 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstq) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 

Ceramic 

Plastic 


Voc Pin Potential to 
Ground Pin —0.5V to +7.0V 


ECL Output Current 
(DC Output HIGH) —50mA 


TTL Input Voltage (Note 3) —0.5V to +7.0V 
TTL Input Current (Note 3) —30 mA to +5.0 mA 
ESD (Last Passing Voltage) (Min) (Note 2) 2000V 
Note 1: Absolute maximum ratings are those values beyond which the de- 


vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2; ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 


Commercial Version 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 0°C to + 85°C 
Military —55°C to + 125°C 
Supply Voltage (Vcc) 4.5V to 5.5V 
Commercial 


L6€00L 


TTL-to-ECL DC Electrical Characteristics voc = +5.0v +10%, GND = ov 


Symbol -—faraneer | __te 
VoH Output HIGH Voltage 


eo 955 


VoL Output LOW Voltage Voc — 1890 | Voc — 1705 


VOHC Output HIGH Voltage ~1095 
Corner Point High 
VoLc Output LOW Voltage 
Corner Point Low 
Vin Input HIGH Voltage L 20- | 
Vit Input LOW Voltage = aa 


Input HIGH Current 
Breakdown Test 


Input LOW Current 


Dn 
E 





Input Clamp 
Diode Voltage 


loc Voc Supply Current 


Conditions 


Vcec — 870 
Voc — 1620 


Voc — 1610 


Vin = Vin (max) OF ViL (min) 
Loading with 509 to Voc — 2V 


Vin = Vin (min) OF ViL (max) 
Loading with 5029 to Vocg — 2V 


Over VrtL, Vee, Tc Range 
Over VrtL, Vee, Tc Range 
Vin = +2.7V 
Vin = +5.5V 


° 
= 
> 


ft 
fo) 


> 


> 


Vin = +0.5V 


lin = —18mA 


> 


Inputs Open 


Note 4: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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100391 





DIP Package AC Electrical Characteristics 
Voc = 5.0V £10% 


—- n° = °C = 4+ } 
To = +85°C 
Propagation Delay 
Data to Output 
Propagation Delay 
Enable to Output 


‘Conditions 


Figures 1, 2 


Figures 1,2 


Transition Time 
20% to 80%, 80% to 20% 


f=) 


Va 


Figures 1,2 


SOIC and PCC Package AC Electrical Characteristics 


Voc = 5.0V £+10% 


To = +85 
Propagation Delay 
Data to Output 


Conditions 


5 
Oo 


Propagation Delay Figures 1 and 2 
Enable to Output 


Transition Time 
20% to 80%, 80% to 20% 


Maximum Skew Common Edge 
Output-to-Output Variation 750 
Data to Output Path 


| 


TAR 


PCC Only 
(Note 1) 


Maximum Skew Common Edge PCC Only 


(Note 1) 


‘ Output-to-Output Variation 
Data to Output Path 


Maximum Skew Opposite Edge 
Output-to-Output Variation 
Data to Output Path 


PCC Only 
(Note 1) 


Maximum Skew 
Pin (Signal) Transition Variation 
Data to Output Path 


PCC Only 
(Note 1) 


Note 1: Output-to-Output Skew is defined as the absolute value of the difference between the actual propagation delay for any outputs within the same packaged 
device. The specifications apply to any outputs switching in the same direction either HIGH to LOW (tos), or LOW to HIGH (tos_}), or in opposite directions both 
HL and LH (tosq). Parameters tost and tps guaranteed by design. 
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Industrial Version 


L600! 


DC Electrical Characteristics 
Voc = +5.0V +10%, GND = OV (Note 1) 


To = —40°C Tc = O°C to + 85°C : 
Vou Output HIGH Voltage | Vcc — 1085 Voc — 870 | Veco — 1025 Veco — 870 | mV | Vin = Vin (max OF VIL (min) 
VoL Output LOW Voltage | Vcc — 1890 Vcc — 1575] Voc — 1890 Voc — 1620] mV | Loading with 509 to Voc — 2V 


VoHC Output HIGH Voltage | Vcc — 1095 Voc — 1035 mV | Vin = Vin (min) OF VIL (max 
Corner Point High Loading with 502. to Voc — 2V 
Votc Output LOW Voltage Vcc — 1565 Voc — 1610] mV 
Corner Point High 
Vi.___| Input LOW Voltage 0 08 


Input LOW Current 


Dn 
E ; 42 os 


Input Clamp —-1.2 —-1.2 Vv lin = —18mA 
Diode Voltage 
loc Voc Supply Current 29 69 29 69 Inputs Open 


PCC AC Electrical Characteristics 


Vec = +5.0V +10%, GND = OV 


—" ae To = +85°C 


Propagation Delay 

Data to Output 0.20 1.50 0.35 1.30 0.40 1.30 

Propagation Delay 0.35 we ee we ae i 
0.35 1.70 0.35 1.70 0.35 1.70 


Vin = +0.5V 





Conditions 


Figures 1 and 2 
Enable to Output g 


Transition Time 
20% to 80%, 80% to 20% 


Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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100391 


Military Version-Preliminary 


TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, Voc = Voca = GND, To = —55°C to + 125°C, Vrt_ = +4.5V to +5. BV 


| Parameter | min | Max [units] Tc | Conditions, 
t Pe 
Output HIGH Voltage |. 996} Veo — 670 ied el Cto 


V | +425°C 
Voc ~ 1085 | Vcc — 870 | —55°C | VIN = Vinqmax)| Loading with 


Output LOW Voltage Octo | OF ViL(min) | 50M to Vcc — 2.0V 
Voc — 1830 | Voc — 1620 +1425°C 


Veo — 1830 | Voc ~ 1555 


Output HIGH Voltage | Voc — 1035 0°C to 
“9 3 + 125°C 


Voc- 1085} sd VIN = Vin(miny | Loading with 


Output LOW Voltage 0°C to or ViL (max) | 502 to Vcc — 2.0V 
Yoo = 1610 +125°C 


Voc — 1855 
Input HIGH Voltage 


—55°C to 
=e + 125°C sp 
Input LOW Voltage Vv — 55°C to 
+125°C 
Input HIGH Current pA —55°C to Vin = +2.7V 
125°C 


— 58°C to 
+125°C VIN = +0.5V 
Input Clamp 
Diode Voltage 
Voc Supply Current 


—55°C 7 
—55°C . 
AC Electrical Characteristics woo +5.0 + 10%, GND = OV . 
Parameter 
Propagation Delay 


Transition Time 


20% to 80%, 80% to 20% Figures 1,2 


1,2,3,4 





Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 


considered a worst case condition at cold termperatures. 

Note 2: Screen tested 100% on each device at — 55°C, + 25°C and + 125°C, Subgroups 1, 2, 3, 7 and 8. 

Note 3: Sample tested (Method 5005, Table |) on each manufactured lot at —55°C, + 25°C and + 125°C, Subgroups A1, 2, 3, 7 and 8. 
Note 4: Guaranteed by applying specified input condition and testing Voy/VoL- 
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Switching Waveforms 


2.5+0.3 ns—> << 


L600! 


COMPLEMENT 


OUTPUT tay 


TL/F/10939-6 
FIGURE 1. Propagation Delay and Transition Times 


Test Circuit 


Vi GNDTTL 


ECL 
TERMINATOR 4 
-4V NET sg 


GNDECL 





TL/F/10939-7 
FIGURE 2. AC Test Circuit 
Notes: 


Voc = Veca = +2V, GNDECL = GNDTTL = 3.0V 
Vin = OV, Vit = —3V 

Lt, L2 and L3 = equal length 50 impedance lines 
Rr = 502 terminator internal to scope 

Decoupling 0.1 F from GND to Vcc, Vee and Viti 
All unused outputs are loaded with 509 to GND 

CL = Fixture and stray capacitance < 3 pF 
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100392 


ZANational 


Semiconductor 


100392 


ADVANCE INFORMATION 


Single Supply Quint CMOS-to-ECL Translator 


with Cutoff Drivers 


General Description 


The 100392 is a quint translator for converting CMOS logic 
levels to positive referenced F100K ECL logic levels (or 
PECL). This translator is designed to operate from a single 
+5V supply, eliminating the need for a separate —5V sup- 
ply. The differential outputs of the 100392, due to its high 
common mode rejection, overcomes voltage gradients be- 
tween the CMOS and ECL ground systems. 


A LOW on the input enable pin (E) sets the true outputs to a 
LOW state and the inverting outputs to a HIGH state. A 
HIGH on the output enable pin (OE) sets both true and in- 
verting outputs to a cutoff or high impedance state. 


Logic Symbol 


TL/F/10951-1 


Connection Diagrams 


24-Pin DIP/SOIC 


aon Om ON er Ww DO 


TL/F/10951-2 


The outputs of the 100392 are designed to drive a double 
terminated 500 differential transmission line (259 load im- 
pedance). 


Features 

g Drives 252 load with cutoff capability 
m Operates from a single +5V supply 
m Differential ECL outputs 

m 2000V ESD protection 


Data Inputs (CMOS) 
Data Outputs (PECL) 


Inverting Data Outputs (PECL) 
Enable Input (CMOS) 
Output Enable Input (CMOS) 





28-Pin PCC 


E Dy Dy Vegs QM 
1 fo 2) 2) 7 6) &) 
HEHEEEHEESs 


GNDCMOS 
GNDECLD [14] 


8,8, 
fs] 20 2] 2A 23 24) BS) 
Dy Qy Q4 Ves Q3 Q3 Q2 


TL/F/10951-3 
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ZA National 


Semiconductor 


100393 
Low Power 9-Bit ECL-to-TTL 
Translator with Latches 


General Description Features 

The 100393 is a 9-bit translator for converting F100K logic = 64 mA Io, drive capability 
levels to FAST® TTL logic levels. A LOW on the latch en- m 2000V ESD protection 
able (LE) latches the data at the input state. AHIGH onthe mm —4.2V to —5.7V operating range 
LE makes the latches transparent. A HIGH on either the —_ Latched outputs 

ECL or TTL output enable (OE ECL or OE TTL), holds the FAST® TTL outputs 
outputs in a high impedance state. 

The 100393 is designed with FAST® TTL, 64 mA outputs for 

Bus Driving capability. All ECL inputs have 50 kQ pull down 

resistors. When the inputs are either unconnected or at the 

same potential, the outputs will go LOW. 


Ordering Code: see Sectioné 


Logic Symbol 


| _PinNames | Description 


Data Inputs (ECL) 
Data Outputs (TTL) 


Latch Enable Input (ECL) 
Output Enable (TTL) 
Output Enable (ECL) 





TL/F/10650-1 


Connection Diagram 


OE 
Ds TIL VccVee Voc LE Dy 
(1) fo) (9) (6) &) 





f2q bq BS 
Voca SE Vin VecaVoca4 Q3 
ECL 


TL/F/10650-2 
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TL/F/10650-3 


e 
Io 
a 


Jal 


(“| £5 4 44 Qa 
ied eded ed 
ie a @ 


Io 10 Io io Io 1a io 19 
e 4 a 4 a 4 ea 4 eo 4 a 4 eo 4 a 4 


High Voltage Level! 
L = Low Voltage Level 


X = Don’t Care 


2 
a 


Z = High impedance 


H 


Logic Diagram 
Truth Table 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, Case Temperature (Tc) O°C to +85°C 
please contact the National Semiconductor Sales Supply Voltade 
Office/Distributors for availability and specifications. ve s q -~5.7V to —4.2V 


Storage Temperature (Ts7q) —65°C to + 150°C Vote +4,5V to +5.5V 
Maximum Junction Temperature (Ty) + 150°C 
Case Temperature under Bias (Tc) 0°C to + 85°C 
Veg Pin Potential to Ground Pin —7.0V to +0.5V 
VttL Pin Potential to Ground Pin —0.5V to +6.0V 
ECL Input Voltage (DC) Veg to +0.5V 
TTL Input Voltage —0.5V to +7.0V 
Output Current (DC Output HIGH) +130mA 
ESD (Note 2) 22000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2. ESD testing conforms to MIL-STD-883, Method 3015. 


€6€001 


DC Electrical Characteristics 
Veg = —4.2V to —5.7V; Voc = Voeca = GND, VTL = +4.5V to +5.5V, To = 0°C to +85°C (Note 3) 


Symbol Parameter Min Typ Max 
39 


Conditions 
lon = —1mA Vin = Vit (Min) or 
lon = —15mA |} Vi (Max) 
lo. = 64mA Vin = Viv (Min) or 
lo. = 24mA Vins (Max) 


VIH input HIGH Voltage ECL Inputs | —1165 —870 V Guaranteed HIGH Signal for All Inputs 


VoL Output LOW Voltage 0.55 
0.50 


Vv 
Vv 


VIL Input LOW Voltage ECLinputs | —1830 —1475 Vv Guaranteed LOW Signal for All Inputs 


ie) 
m 
| 
rm 


: 


E 


A | Vp) = 7.0V 
Vin = Vin (Max) 


Ipvi Input Breakdown Current 


Ty ECL Input HIGH Current | ECL Inputs 


EECL 


THLinputHiGH Curent | CETTE | 80 


0 
0 


A 


A Vin = 2.7V 

A Vin = Vic (Min) 
A Vin = 0.5V 

A 


I ECL Input LOW Current | ECL Inputs | 
TTL Input LOW Current 
IcEX Output HIGH Leakage Current 
los Output Short-Circuit Current 
lozH _| TRISTATE Current Output HIGH 
lon | TRISTATE Current Outputlow | 50 
Vecpb Input Clamp Diode Voltage be RB 
IEE Vee Power Supply Current 


IocH Vrt_ Power Supply Current HIGH 


loc. | Vrr.PowerSupplyCurentltow | 65 


m 
Oo 
+2 
> 
3 
r= 
-_ 
7) 


, 
24 


oO 
m 
a 
a 


50 


Vout = 0.0V, ViTL = +5.5V 
Vout = +2.7V 

VouT = 0.5V 

lin = —18mA 

Inputs Open 


A 
A 
Vv 





vy 
B 
be 
p 
yp 
p 
mA 
p 
pb 
mA 
mA 
mA 
Iocz VttT_ Power Supply Current 
TRI-STATE 
Note 3. The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 


additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are 
chosen to guarantee operation under “‘worst case” conditions. 


mA 
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100393 


AC Electrical Characteristics vee = —4.2V to —5.7V, Voc = GND, VitL = +4.5V to +5.5V 


Symbol Parameter 


Conditions 


tpLy Propagation Delay 


4 
tPHL Data to Output 


Figures 1, 2 


T Cc 
8 2.3 5.3 
tPLH Propagation Delay 
tpHL LE to Output 2.3 6.4 
tpZH Output Enable Time 2.0 5.5 2.0 5.5 2.0 5.5 


tpi OETIL | to Qn 3.5 8.0 3.5 8.0 3.5 8.0: 


tPHz Output Disable Time 2.0 6.0 2.0 6.0 2.0 6.0 
tpLz OETILT to Qn 2.0 5.5 2.0 5.0 2.0 5.0 


tpZH Output Enable Time 2.4 5.6 2.4 5.6 2.4 5.6 
tpz_ OEECLT to Qn 3.2 8.5 3.2 8.5 3.2 8.5 


tpHz Output Disable Time 2.4 6.0 2.4 6.0 2.4 6.0 
tpLz OEECL J to Qn 3.2 7.6 


3.2 7.6 3.2 7.6 
wt) | Pusewamiowue | 20 | 20 ‘| 20 —~+ 


Figures 1, 2 


Figure 3 


Figure 3 


Figure 4 


Figure 4 


Figures 1, 2 
Figures 1, 2 
Figures 1, 2 


ee Yec* Ov Vat 5.0V Switch Positions 


for Parameter Testing 


+7V 


5000 tpl, tpHL Open 


tpHz, tpzH Open 
s tpLz, tpzi Closed 





ECL INPUTS 
Oo, LE Q O OUTPUT S/H 
OE ECL 


100393 


TTL_INPUT 
OE TTL 


ATTENTUATOR 


TL/F/10650-4 
FIGURE 1. AC Test Setup 
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Switching Waveforms 


€6E001 


au maa == 


wee meee es 


Swit) 
LE (TRANSPARENT) (LATCHED) (TRANSPARENT) 


toy 
teHL 


ee ee ee 


N rr 


FIGURE 2. Propagation Delays, Setup and Hold Times, and Pulse Width 


TL/F/10650-5 


TL/F/10650-6 


qe 
0.3V ~ You (TTL) 
+ 


— 0.0V 
FIGURE 4. Enable and Disable Waveforms, OE ECL 


TL/F/10650-7 
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100395 


ZA National 


Semiconductor 


100395 
Low Power 9-Bit ECL-to-TTL 
Translator with Registers 


General Description 


The 100395 isa 9-bit translator for converting F100K logic 
levels to FAST® TTL logic levels. A high on the output en- 
able (OE) holds the TTL outputs in a high impedance state. 
Two separate clock inputs are available for multiplexing and 
system level testing. 

The 100395 is designed with FAST TTL 64 mA outputs for 
bus driving capability. All inputs have 50 k© pull down resis- 
tors. When the inputs are either unconnected or at the same 
potential, the outputs will go LOW. 


Ordering Code: see section é 


Logic Symbol 


Do-8 


CP, 
CP, 


OE 
TL/F/10651-1 


Connection Diagram 


DsCPoVocVer VecCP yD, 
fy fa (3) [6] (5) 


P20) za) 
VecaQE VanVeca¥ecaQ4 Q3 
TL/F/10651-2 


Features 

m@ 64 mA Io, drive capability 

m 2000V ESD protection 

m —4.2V to —5.7V operating range 
m Registered outputs 

mg FAST TTL outputs 


| PinNames |Description | 


Data Inputs (ECL) 


Data Outputs (TTL) 
Output Enable 
Clock Inputs 
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100395 


TL/F/10651-3 


[| £m ZL 
Ee 
al 


J 


[| ZX 
am 


a] 


e 
Io 

a. 
oO a 


e 
Io 
(=) 


[| Lm JO a 
dest JLaesl 


=~ wo wo ~ 
a a a a 


iagram 


Ic 


Logic D 

Truth Table 

H = HIGH Voltage Level 
= LOW Voltage Level 

X = Don’t Care 

Z = High Impedance 

NC = No Change 


L 
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100395 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 


If Military/Aerospace specified devices are required, ° ° 
please contact the National Semiconductor Sales Case romperature (1c) i eae 
Office/Distributors for availability and specifications. Supply Voltage 


ee 2 VEE —5.7V to —4.2V 
plorage Temperature (Tsta) 65°C to + 150°C Vn +4.5V to +5.5V 
Maximum Junction Temperature (T)) + 150°C 
Case Temperature under Bias (Tc) 0°C to + 85°C 


Vee Pin Potential to 
Ground Pin —7.0V to + 0.5V 


Vtt_ Pin Potential to 
Ground Pin —0.5V to + 6.0V 


ECL Input Voltage (DC) Veg to + 0.5V 
TTL Input Voltage —0.5V to +7.0V 
Output Current 

(DC Output HIGH) +130 mA 
ESD (Note 2) = 2000V 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


Commercial Version 


DC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol| Parameter | Min__Typ Max Conditions 
2 


Vou Vin = Vin (Max) 

Vor [Outputtowvottage | 55 | Vig = 64ma_| OFM (Mi) 

Vind mV _ | Guaranteed HIGH Signal for All Inputs 
mV _ | Guaranteed LOW Signal for All Inputs 
JinputLowcurent | 5A | Vin = Vin (Min 
240 [ A [Viv = Vin (Max) 


TRI-STATE® Current A Vout = +0.4V 
Output High “3 

TRI-STATE Current Vout = +2.7V 
ae 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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PCC, AC Electrical Characteristics 
Vee = —4.2V to —5.7V, Voc = GND, Vrg_ = +4.5V to +5.5V 


| Te=orc | | Te=orc | = °C = ee | To= +85°C | 


Propagation Delay nas 5.00 2.30 5.00 2. ieee 5.00 
Clock to Output 3.00 5.60 3.00 5.60 3.40 6.40 


Output Enable Time 3.20 7.60 3.20 7.60 3.20 7.60 
OEL to Qn 2.40 5.60 2.40 5.60 2.40 5.60 


Output Disable Time 3.20 7.60 3.20 7.60 3.20 7.60 I gee Figures 1,3 


S6E001 


Conditions 
Figures 1,2 
Figures 1, 3 


OET toQn 5.60 2.40 5.60 2.40 


Data to CP EN Figures 1, 2 


Hold Time 


Data to CP EN 
Setup Time 


Clock Pulse Width 


Figures 1, 2 


Figures 1, 2 


Switch Positions for Parameter 
Testing 


Parameter_| S-Position _| 


teLH, tpHL Open 
tpHz, tpzH Open 
tpLz, tpzi Closed 


0.01 uF | 0.01 pF 





TTL 
ECL INPUTS OUTPUTS 
D, CP}, CPp, OF Q 


F100395 


TL/F/10651-4 
Notes: 
Voc = OV, Voca = OV, Vee = —4.5V, VitL = +5V. 


All unused outputs are loaded with 5002 to GND. Decoupling capacitors are necessary in the test and end 
application environment. When Vcc and Vcoca are common to a single power plane, typically 0.0V, decou- 
ple Vt, to that plane with one 0.01 uF capacitor. 


FIGURE 1. AC Test Circuit 
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100395 


Switching Waveforms 


Dy 


CP, or cP, 


Qy 


FIGURE 2. Propagation Delay and Transition Times 


DISABLE 
Qy 


Qy 
DISABLE 


FIGURE 3. Enable and Disable Waveforms, OE to Qu 
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TL/F/10651-5 


TL/F/10651-6 





ZA National 


Semiconductor 


100397 
Quad Differential ECL/TTL 


Translating Transceiver with Latch 


General Description 


The 100397 is a quad latched transceiver designed to con- 
vert TTL logic levels to differential F100K ECL togic levels 
and vice versa. This device was designed with the capability 
of driving a differential 250 ECL load with cutoff capability, 
and will sink a 64 mA TTL load. The 100397 is ideal for 
mixed technology applications utilizing either an ECL or TTL 
backplane. 

The direction of translation is set by the direction control pin 
(DIR). The DIR pin on the 100397 accepts F100K ECL logic 
levels. An ECL LOW on DIR sets up the ECL pins as inputs 
and TTL pins as outputs. An ECL HIGH on DIR sets up the 
TTL pins as inputs and ECL pins as outputs. 

A LOW on the output enable input pin (OE) holds the ECL 
output in a cut-off state and the TTL outputs at a high im- 
pedance level. A HIGH on the latch enable input (LE) fatch- 
es the data at both inputs even though only one output is 
enabled at the time. A LOW on LE makes the latch transpar- 
ent. 


The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter- 


Ordering Code: see Section 6 


Logic Symbol 


Connection Diagrams 


24-Pin DIP 


oon 7m OO mR WwW KH 


nb = oO 


TL/F/10971-2 


followers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 
The 100397 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 K© pull-down resistors. 


Features 
@ Differential ECL input/output structure 
@ 64 mA FAST TTL outputs 
250 differential ECL outputs with cut-off 
Bi-directional translation 
2000V ESD protection 
Latched outputs 
TRI-STATE® outputs 
Voltage compensated 
operating range = —4.2V to —5.7V 


TL/F/10971-1 


28-Pin PCC 


TL/F/10971-3 
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Z6€001 





100397 


Functional Diagram Detail 


ECL-TTL 
TRANSLATOR 


LATCH 
ENABLE 


(LE) LATCH ENABLE 


OouTPUuT 
(DIA) ECL/TTL ENABLE 


(OE) OUTPUT ENABLE : TL/F/10971-6 


TL/F/10971-5 
Note: LE, DIR, and OE use ECL logic levels 


Truth Table 
[Pinwames [Description | ECL 
Port Le 


ECL Data I/O 

Complementary ECL Data I/O LOW 

TTL Data I/O (Cut-Off) 

Output Enable Input (ECL Levels) 

Latch Enable Input (ECL Levels) | Input | Output 


Direction Control Input (ECL levels) LOW 
GNDECL ECL Ground ~ Off) 


GNDECLO ECL Output Ground 
GNDS ECL Ground-to-Substrate eon 
VEE ECL Quiescent Power Supply | Input | Zz | 
VEED ECL Dynamic Power Supply  Latched _| 

: Latched Le | 


GNDTTL TTL Quiescent Ground 
GNDTTLD TTL Dynamic Ground LOW 
VITL TTL Quiescent Power Supply (Cut-Off) 


VITLbD TTL Dynamic Power Supply eae 
1 Latched 





All pins function at 100K ECL levels except for To-T3. 
H = HIGH Voltage Level 


L = LOW Voltage Level 

X = Don't Care 

Z = High Impedance 

Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 
Note 4: Latch is transparent. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstg) —65°C to + 150°C 
Maximum Junction Temperature (Tj) 
Ceramic 
Plastic 
Veg Pin Potential to 
Ground Pin 
Vit Pin Potential to 
Ground Pin 
ECL Input Voltage (DC) 
ECL Output Current 
(DC Output HIGH) 
TTL Input Voltage (Note 3) —0.5V to +7.0V 
TTL Input Current (Note 3) —30 mA to +5.0mA 


Note 1: Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: Either voltage limit or current limit is sufficient to protect inputs. 


+175°C 
+ 150°C 


—7.0V to +0.5V 


—0.5V to +6.0V 
Veg to +0.5V 


—50 mA 


Commercial Version 


Voltage Applied to Output 
in HIGH State 
TRI-STATE Output 


Current Applied to TTL 


Output in LOW State (Max) 


ESD (Note 2) 


26001 


—0.5V to +5.5V 


Twice the Rated Io, (mA) 
>= 2000V 


Recommended Operating 


Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 
ECL Supply Voltage (Vee) 
TTL Supply Voltage (VttL) 


TTL-to-ECL DC Electrical Characteristics 


VeE = —4.2V to —5.7V, GND = OV, Tc = 0°C to +85°C, Vt. = +4.5V to +5.5V (Note 4) 


| =955_| 


Symbol Parameter 
Vou Output HIGH Voltage 
VoL Output LOW Voltage 


Cutoff Voltage 


—1025 
— 1830 


1 oy S 
~—* oy e 
to fo) 





Output HIGH Voltage 
Corner Point High 


Output LOW Voltage 
Corner Point Low 


Input HIGH Voltage 
Input LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown (I/O) 


Input LOW Current 


Oo 


Input Clamp 
Diode Voltage 


lEE Vee Supply Current 


lEEz Vee Supply Current _159 


—1705 


3 
< 


3 
< 


3 #OS 
> > 


3 
> 


0°C to + 85°C 
-—40°C to + 85°C 
—55°C to + 125°C 


~5.7V to —4.2V 
+ 4.5V to + 5.5V 


Conditions 


Vin = ViH(Max) OF ViL(Min) 
Loading with 502 to — 2V 


OE and LE Low, DIR High 
Vin = Vik(Max) OF Vit(Min), 
Loading with 509 to —2V 


Vin = VIH(Min) OF Vit(Max) 
Loading with 5029 to —2V 


Over VttL Veg, Tc Range 
Over VttL, VEE, Tc Range 
Vin = +2.7V 

Vin = 5.5V 


Vin = +0.5V 
lin = —18mA 


LE Low, OE and DIR High 
Inputs Open 


LE and OE Low, Dir High 
Inputs Open 


Note 4: The specified limits represent the “worst case’’ value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Commercial Version (continued) 
ECL-to-TTL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, GND = OV, Tg = 0°C to +85°C, C, = 50 pF, Vit. = +4.5V to +5.5V (Note 4) 


Symbol 


VoH Output HIGH Voltage | 


Vou 

Vi =11685 

Vit 
Differential 

Vom GNDECL — 2.0 


lie Input HIGH Current 
Eo-Eg, Eo—-Eg 
OE, LE, DIR 


IcEX Output HIGH 
Leakage Current 
Bus Drainage Test 


2 
a) 


< 


Le) 
PSS 
oO 


Conditions 


lon = —3mMA, VotL = 4.75V 
lod = —3 MA, VoqL = 4.50V 


lo. = 24mMA, Vr = 4.50V 


Nh 
N 


nh 
bh 


Guaranteed HIGH Signal for All Inputs 


< 


Guaranteed LOW Signal for All Inputs 
Required for Full Output Swing 


3 
< 


GNDECL — 0.5 


Vin = Viq(Max) 





Vout = VTTL 


4 
> 


Vout = 5.25V 
VTL = 0.0V 


= 
> 


Iie Input LOW Current 


loZHT TRI-STATE Current 
Output High 
lozLT TRI-STATE Current 


Output Low 


los Output Short-Circuit 
Current 


So 
> 


Vin = Vit(min) 
VouT = +2.7V 


Vout = +0.5V 


= 
> 


Vout = 9.0V, Vrt_ = +5.5V 


3 


(.) a 
a= 
> 


wo 
© 


TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 


ItTL Vtt_ Supply Current 


nD 
~“ 
3 
> 


N © 
ou 





w 
© 
3 
> 


Note 4: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Commercial Version (Continued) 
DIP and PCC TTL-to-ECL AC Electrical Characteristics 


Ver = —4.2V to —5.7V, Vii = +4.5V to +5.5V 


Z6E€001 


Tc = 25°C To = 85°C 


Symbol Parameter Conditions 


= 


3 N 
a 


Fmax Maximum Clock Frequency 
teLH Ty to Ep, En Figures 1, 3 
tPHL (Transparent) 
tPLH LE to Ep, Ep 
tPHL 
tpZH OE to Ep, Ep 
(Cutoff to High) 
tpHz OE to Ep, Ep 
(High to Cutoff) 


tpHz DIR to Ep, En 
(High to Cutoff) 


ts Ty to LE 
ty Tn to LE Figures 1, 3 


nN 
an) 


Figures 1, 3 


Figures 1, 3 


= 
ror) 


Figures 1, 3 


am 
ray) 


Figures 1,3 


Figure 1, 3 


tTLH Transition Time Figures 1, 3 
tTHL 20% to 80%, 80% to 20% , ‘ : : . 


DIP and PCC ECL-to-TTL AC Electrical Characteristics 
VeE = —4.2V to —5.7V, ViqL = +4.5V to +5.5V, CL = 50 pF 


Fax | Maximum Clock Frequency 


tPLH En En to Tn ie aer'|\ ag. 5a 18 ©6458 gues 2.8 
tPHL (Transparent) 
tPLH LE toT, 2.2 4.0 2.2 4.0 2.3 4.1 Figures 2, 4 
tPHL 3.3 5.2 3.4 5.4 3.8 6.1 
tpZH OE to Ty 3.2 5.6 3.3 5.7 3.6 6.3 Figures 2, 5 
tpz.. (Enable Time) 4.9 8.3 5.1 8.5 5.6 9.2 
tpHz OE to Th, 3.6 8.6 3.5 8.3 3.5 7.5 Figures 2, 5 
tpLz (Disable Time) 3.4 6.9 3.5 6.7 3.6 6.7 

6 


tpHz DIR to Tp 3.5 8.1 3.5 8.1 3.5 7 
tpLz (Disable Time) 3.4 6.8 3.4 6.7 3.6 6.7 


Ep, En to LE 0.7 Figures 2, 4 
tew(t) | Pulse Width LE | 200 | Figures 2, 4 


Figures 2, 6 
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100397 


Industrial Version 
TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, GND = OV, Tc = —40°C to + 85°C, ViqL = +4.5V to +5.5V (Note 1) 


Symbol 


VoH 
VoL 


VoHC 


VoLc 


VIH 
Vit 


Ny 


IEE 


lEEz 


Output HIGH Voltage —1085 


Output LOW Voltage — 1830 —1705 —1575 


Cutoff Voltage 


— 2000 — 1900 


— 1565 





Output HIGH Voltage 

Corner Point High =e 
Output LOW Voltage 
Corner Point Low 

Input HIGH Voltage 


Input LOW Voltage 
Input HIGH Current 


Input HIGH Current 
Breakdown (I/O) 

Input LOW Current 

Input Clamp 

Diode Voltage 

Vee Supply Current 

Ver Supply Current —159 


Conditions 


VIN = Vin(Max) OF Vit(min) 
Loading with 509 to —2V 


OE and LE Low, DIR High 


ViN= ViH(Max) OF VIL(Min) 
Loading with 509 to —2V 


Vin = Vinqin) OF ViL(Max) 
Loading with 502 to —2V 


Over VrqL, Vee, Tc Range 
Over VrtL; Vee, Tc Range 
Vin = +2.7V 

VIN = 5.5V 


Vin = +0.5V 
lin = —18mA 


LE Low, OE and DIR High 
Inputs Open 


LE and OE Low, Dir High 
Inputs Open 


Note 1: The specified limits represent the ‘‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under ‘worst case” conditions. 
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Industrial Version (Continued) 


ECL-to-TTL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, GND = OV, Tc = —40°C to +85°C, C, = 50 pF, VTL = +4.5V to +5.5V (Note 1) 


Symbol -—__Ferameter__[|_win__| typ | __ax__1 unt 


VOH 


VoL 
VIH 


VIL Input LOW Voltage — 1830 | | 1480 


VDIFF 


Input HIGH Current 


Eo-E3, Eo-E3 
OE, LE, DIR 


Output HIGH 
Leakage Current 


Bus Drainage Test 


Input LOW Current 


TRI-STATE Current 
Output High 


TRI-STATE Current 
Output Low 


Output Short-Circuit 
Current 


VTL Supply Current 





loZHT 
loz_t 
_los 


TL 





GNDECL 


— 2.0 


—100 


2. 4 


Output LOW Voltage aes 03 lou = 24 mA, Vir = 4.50V 
InputHIGHVotage | = 1170 | 


—870 
— 1480 


mV 
mV 


Input Voltage 
asl 


Common Mode | Common Mode Voltage | 


a rer 


300 
35 


Z6E001 


Conditions 


ae —3 mA, VrTL = 4.75V 
lon = —3mMA, Vrt_L = 4.50V 


Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 
Required for Full Output Swing 


Vin = VIH(Max) 


Vout = VTTL 


Vout = 5.25V 
VITL = 0.0V 


Vin = Vit(Min) 
Vout = +2.7V 


Vout = +0.5V 
Vout = 0.0V, VitL = +5.5V 


TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 


guarantee operation under “worst case” conditions. 
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Industrial Version (Continued) 
PCC TTL-to-ECL AC Electrical Characteristics 


Ver = —4.2V to —5.7V, ViqL = +4.5V to +5.5V 


To = -40C | To= +25 | To = +85°C 


Symbol Parameter Conditions 


= 
x 


FMax Maximum Clock Frequency 
tPLH Tp to Ep, En 

tPpHL (Transparent) 

tPLH LE to Ep, En 

tPHL 


tpZH OE to Ep, Ep 
(Cutoff to High) 


tpHz OE to En, E, 
(High to Cutoff) 


tpHz DIR to E,, E, 
(High to Cutoff) 


ts T, to LE 


Figures 1,3 


° 
te) 
Nd 
i 


—_— 
oO. 
—_ 

. fee) 
oO 


ro) 
bat | 
ne 
a 


Figures 1,3 


—_ 
ie) 
i) 
(e%) 
— 
o 
Nn 
oO 


= 
cop) 


Figures 1, 3 
Figures 1,3 


Figures 1, 3 


-~ 
ho 


Figures 1, 3 
Figures 1, 3 


tTLH Transition Time 
tTHL 20% to 80%, 80% to 20% 


PCC ECL-to-TTL AC Electrical Characteristics 
Veg = —4.2V to —5.7V, VTL = +4.5V to +5.5V, CL = 50 pF 


To=-40C | To= +25 | Toe = +85° 


0.8 2.8 0.8 28 Figures 1, 3 


sd 
ror) 
no 
ro) 


Symbol Parameter Conditions 


f > f 
wn 


7 MHz 


FMax Maximum Clock Frequency 


tPLH En, E, to Th 
tpHL (Transparent) 


Figures 2, 4 


= Cc 
5 7. 75 
7 4.9 1.7 5.1 1.8 5.8 


tPLH LE to Tp 22 43 2.2 4.0 a4 41 


i 


Figures 2, 4 
tPHL 3.3 5.2 3.4 5.4 3.8 6.1 


tpzH OE to Th 3.1 5.6 3.3 5.7 3.6 6.3 
tpz2L (Enable Time) 48 8.3 5.1 8.5 5.6 9.2 


tpHz OE toTp 3.5 9.2 3.5 8.3 3.5 7.5 
tpLz (Disable Time) 3.2 7.3 3.5 6.7 3.6 6.7 


tpHz DIR to Tp 3.5 8.8 3.5 8.1 3.5 7.6 
tpz (Disable Time) 3.2 7.2 3.4 6.7 3.6 6.7 


ts Ep, Ep to LE 
ty E,, Ep to LE 
tpw(L) Pulse Width LE 


Figures 2, § 


Figures 2, 5 


Figures 2, 6 


Figures 2, 4 
Figures 2, 4 
Figures 2, 4 


n}jo 
oN 
° 
~“ 
° 
Ba 
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Military Version—Preliminary 
TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, GND = OV, To = as to +125°C, Vir, = +4.5V to +5.5V 


Z6E001 


Output HIGH Voltage ~1025 


—1830 | —1620 


= 1890 


Output LOW Voltage 


Cutoff Voltage 


Output HIGH Voltage 


Output LOW Voltage 


Diode Voltage 


Veg Supply Current 











Vin = Vin (Max) 
or Vit. (Min) 
Loading with 
502 to —2.0V 


+ 125°C 


OE or DIR Low 


Vin = Vin (Min) 
or Vi_ (Max) 


Loading with 
500 to —2.0V 





—55°C to 
+ 125°C 


— 55°C to 
+ 125°C 


— 55°C to 


Over VrtL, Vee, To Range 
Over VrtL, Vee, Tc Range 
Vin = +2.7V 

—55°C i Vin = +5.5V 
— 56°C a 


— 56°C . lin = —18mA 


LE Low, OE and DIR High 
Inputs Open 


Vin = +0.5V 


—55°C : 


Veg = —4.2V to —4.8V 
Vege = —4.2V to —5.7V 
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Military Version—Preliminary (Continued) 


ECL-to-TTL DC Electrical Characteristics 


VeE = —4.2V to —5.7V, GND = OV, Tc = —55°C to + 125°C, C, = 50 pF, Vit. = +4.5V to + 5.5V 


To | Conditions| Notes 


lon = —1mMA, VtTL = 4.50V 


Symbol 


i eciaied Ed 
hese 
Leneneed il 

Ne ear oa] 
I 

ae 


o°c to + 125°C 
—55°C 


lon = —3mMA, VoTL = 4.50V 


—55°C to lo. = 24mA, VrT_ = 4.50V 

+ 125°C 

— 55°C to Guaranteed HIGH Signal 12.3.4 
+125°C for All Inputs oe 

— 55°C to Guaranteed LOW Signal 12.3.4 
+ 125°C for All Inputs eas 
0°C to Vee = —5.7V 3 


A 

+ 125°C Vin = VIH(Max) 
mA 
mA 
mA 





1,2,3 


1,2, 


—55°C to Vee = —4.2V 123 
+ 125°C Vin = VIL(Min) eae 


— 55°C to VouT = +2.7V 123 
+125°C secs 

'— 55°C to VouT = +0.5V 123 
+125°C 2, 


— 55°C to Vout = 0.0V, VrT_ = +5.5V 
+ 125°C 


lozHT TRI-STATE Current 
Output High 


lozL_T TRI-STATE Current 
Output Low 


TTL Outputs Low 


—1.0 
Output Short-Circuit 150 
CURRENT 
Vtt_ Supply Current 
TTL Output High 
TTL Output in TRI-STATE 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides ‘‘cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, + 25°C, and + 125°C, Subgroups, 1, 2, 3, 7, and 8. ee 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing Vou/VoL- 


TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to -5.7V, ViqL = +4.5V to +5.5V, Voc = Voca = GND 


= Cc 
. : = i p12 oe = oe es : i 
OE to Ey, Ep 
: : 1.5 4.4 1. 
(Cutoff to HIGH) a eee 
OE to Ep, Ep 
: ; ! 4.5 1. 
(HIGH to Cutoff Pease prs as | tesa 
1.6 4.7 1.6 4.3 1 
2.0 
4 2.3 


—55°C to 
+ 125°C 


75 
50 
70 





Tp to Ep, En 


(Transparent) us 


Figures 1, 2 


Figures 1, 2 


Figures 1, 2 


pest eof es ns | Figurost.2 
Pulse With LE p25 | 20 es ns | Figures, 2 
jos 20 fos at foe | 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1, 2 


1 4.0 
6 4.2 
7 5.2 
6 5.1 
7 4.9 
4 2.4 


DIR to E,, En Figures 1, 2 
(HIGH to Cutoff) : 


0. 
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Military Version—Preliminary (Continued) 


ECL-to-TTL AC Electrical Characteristics 
Vee = —4.2V to —5.7V, VrtL = +4.5V to +5.5V, GND = OV, C, = 50 pF 


En En tol 23 6.4 24 56 2.6 6.3 GUE a4 
(Transparent) 

Pete dn 3.4 8.0 3.4 7.3 3.3 8.0 FMCG 
OE toTn 3.2 8.9 3.7 9.0 4.0 


(Enable Time) 3.6 9.4 4.0 9.3 4.3 


OE to Tp, 3.2 9.9 3.3 9.0 3.5 . Figures 3, 5 
(Disable Time) 3.0 9.7 3.4 8.8 4.1 


DIR to Ty 2.6 9.4 2.8 8.8 2.9 : Figures 3, 6 
(Disable Time) 2.7 8.5 4.0 


En, En to LE 2 


3.1 8.0 


Z6E001 


Figures 3, 5 


Figures 3, 4 
Figures 3, 4 


5 
Pulse Width LE 5.0 Figures 3, 4 





Test Circuitry (TTL-to-ECL) 
Vit, = SV 
GND = ey 
Vee = 74.5V 


ECL OUTPUT SENSE CIRCUIT 
(\ 50.2. COAX /\ 


ba | 
I 
I 
3V ; ¥ Si 
ov J Fre ; 
I 
I 


eee ee ee eee ee ee es 


TTL INPUT FORCE/SENSE CIRCUIT 


— Rk 
E (OUT) 
(\ 509. COAX A) aout 2:1 DIVIDER 


S 
TTL T (IN 
uv uv (IN) 


Pr = 560 LE DIR OE 


I 

_— i] 
500 = — I 
TTL INPUT SENSE =— 
! 

i 

PI 





EQUIVALENT CIRCUIT FOR 
-2V/500 TERMINATION 


eee es ee 


eee ae 


= 10:1 DIVIDER _ 
CIRCUIT = 5000 TO GROUND 


he ee ee ee 


ECL INPUT FORCE/SENSE CIRCUIT 


-0.95V 
Feet -1.71V = s 


(\ 50.0 COAX /) 
U, V, 


I ECL INPUT FORCE/SENSE ff 
I CIRCUIT i] 


— = * 





2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 
~4V -2V/502 TERMINATION 


TL/F/10971-15 


Note 1: R; = 502 termination. When an input or output is being monitored by a scope, R; is supplied by the scope’s 502M resistance. When an input or output is not 
being moinitored, and external 500 resistance must be applied to serve as Ri. 


Note 2: TTL and ECL force signals are brought to the DUT via 502 coax lines. 
Note 3: Vt7_ is decoupled to grouond with 0.1 yF to ground, Veg is decoupled to ground with 0.01 ~F and GND is connected to ground. 
Note 4: For ECL input pins, the equivelent force/sense circuitry is optional. 

FIGURE 1. TTL-to-ECL AC Test Circuit 
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100397 


Switching Waveforms (TTL-to-ECL) 


TTL DATA | x x x 


l 
l 
| l fT \ fe ge ee, 
LATCH ENABLE \ I I 
bet boy —H1 


DIRECTION CONTROL 


OUTPUT ENABLE 


ECL OUTPUT 


FIGURE 2. TTL to ECL Transition—Propagation Delay and Transition Times — 


Test Circuitry (ECL-to-TTL) 


Ver = ~4.5V 


TTL OUTPUT SENSE CIRCUIT 
+7V @—@ 


1 

1 

1 

LZ/ZL TRI-STATE PULL-UP I 
5000 t 

1 

1 


r\ soacoax py 4508 


Fr 

I 

I 

I 

I 

I 

I 

I. 

! TTL v ¥ 
1 Rr 
I 

| 

I 

I 

i] 

Lb 


=" q, 
500 = 50pF TL 


I 
I 
i] 
i] 
10:1 DIVIDER 
1 
a 


1 ECL INPUT FORCE/SENSE J 
I CIRCUIT i 


Be ee ee ee oe 





Vit, = SV 


GND = OV ee eee 


E (IN) 
T (OUT) 


LE DIR OE 


Peewee we sees eee ee SE = = 


ECL INPUT FORCE/SENSE CIRCUIT 


Feet -1.71V 


(\ 50. COAX (\ 
) VU, 


= = * 
2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 


-4V -2V/500. TERMINATION 


I 
I 
J 
I 
t 
i] 
J 
I 
t 
L 
i 
I 
I 
I 
I 
i} -4V 
. 


ECL INPUT FORCE/SENSE CIRCUIT 


-0.95V 
FecL -1.71V i i 


a 500 COAX () 


2:1 DIVIDER 


EQUIVALENT CIRCUIT FOR 


I 

I 

I 

1 

I 

i 

I 

1 

— i 
| 

I 

I 

I 

I 

-2V/500 TERMINATION ; 
a 


Ww 
8 


TL/F/10971-9 


TL/F/10971-17 


Note 1: Ry = 502 termination. When an input or output is being monitored by a scope, R; is supplied by the scope’s 502 resistance. When an input or output is not 
being moinitored, and external 502 resistance must be applied to serve as R;. 


Note 2: The TTL Tri-State pull up switch is connected to +7V only for ZL and LZ tests. 
Note 3: TTL and ECL force signals are brought to the DUT via 502. coax lines. : 
Note 4: Vrq_ is decoupled to grouond with 0.1 pF to ground, Veg is decoupled to ground with 0.01 »F and GND is connected to ground. 


FIGURE 3. ECL-to-TTL AC Test Circuit 
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Switching Waveforms (continued) 


i 
| | | fT 
LATCH ENABLE ' ‘ 
| | | 


TTL OUTPUT 


Note: DIR is LOW, and OE is HIGH TL/F/10971-11 
FIGURE 4. ECL-to-TTL Transition—Propagation Delay and Transition Times 


OUTPUT ENABLE 
TTL OUTPUT 


TTL OUTPUT 


Note: DIR is LOW, LE is HIGH TL/F/10971-12 
FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 


DIRECTION CONTROL 


TTL OUTPUT 


TTL OUTPUT 


a: Vor (TTL) 


Note: OE is HIGH, LE is HIGH TL/F/10971-13 
FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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Applications 


SYSTEM OUTPUT DATA BUS (ECL) 


F100360 
PARITY 100397 | parity 
GEN. fi WRITE DATA 
LATCH 
DIR 
OE 


LE 


WRITE DATA 
LATCH PARITY DATA 
DATA o/P 


i/P 


LE 
100397 CACHE 
512 KBYTE 
ADDRESSES ; MEMORY ARRAY 
ADDRESS 
LATCH 


OE 
Le cs PARITY 
DATA 0/P PARITY 


100397 DATA 


F100370 ‘ 
DECODER CONTROL 
LATCH 


SYSTEM CONTROL BUS (ECL) 


SYSTEM ADDRESS BUS (ECL) 


WRITE CONTROL 100397 
INPUT DATA STROBE 

ENABLE OUTPUT DATA 

MEMORY READ DATA LATCH STROBE 


OUTPUT DATA 
LATCH 


OE 
LE 


100397 


F100360 
PARITY 
CHECKER 


100397 


SYSTEM INPUT DATA BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


TL/F/10971-14 


FIGURE 7. Applications Diagram—MOS/TTL SRAM Interface Using 100397 ECL-TTL Latched Translator 
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Za National 


Semiconductor 


100398 
Quad Differential ECL/TTL 
Translating Transceiver with Latch 


General Description 

The 100398 is a quad latched transceiver designed to con- 
vert TTL logic levels to differential F100K ECL logic levels 
and vice versa. This device was designed with the capability 
of driving a differential 25 ECL load with cutoff capability, 
and will sink a 64 mA TTL load. The 100398 is ideal for 
mixed technology applications utilizing either an ECL or TTL 
backplane. 

The direction of translation is set by the direction control pin 
(DIR). The DIR pin on the 100398 accepts TTL logic levels. 
A TTL LOW on DIR sets up the ECL pins as inputs and TTL 
pins as outputs. A TTL HIGH on DIR sets up the TTL pins as 
inputs and ECL pins as outputs. 

A LOW on the output enable input pin (OE) holds the ECL 
output in a cut-off state and the TTL outputs at a high im- 
pedance level. A HIGH on the latch enable input (LE) latch- 
es the data at both inputs even though only one output is 
enabled at the time. A LOW on LE makes the latch transpar- 
ent. 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol- 


Ordering Code: see Section 
Logic Symbol 


Connection Diagrams 
24-Pin DIP 


oaoean Oo Om eke WwW HS 


nv = Oo 


TL/F/10970-2 





86€001 


lowers to turn off when the termination supply is —2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 
The 100398 is designed with FAST® TTL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All Inputs have 
50 kf pull-down resistors. 


Features 

m Differential ECL input/output structure 
m 64 mA FAST TTL outputs 

m 250. differential ECL outputs with cut-off 
a Bi-directional translation 

m 2000V ESD protection 

g@ Latched outputs 

@ TRI-STATE® outputs 


m Voltage compensated 
operating range = —4.2V to —5.7V 


TL/F/10970-1 


28-Pin PCC 


[2] GNDECLO 
[0] GNDECL 
GNDECL 


TL/F/10970-3 


2-303 





100398 


Functional Diagram 


SEE DETAIL 


(LE) LATCH ENABLE 


(DIR) ECL/TTL 
(OE) OUTPUT ENABLE 


TL/F/10970-5 
Note: LE, and OE use TTL logic levels 


| PinNames Description 


ECL Data I/O 
Complementary ECL 

Data I/O 
TTL Data I/O 
Output Enable Input Levels 
Latch Enable Input Levels 
Direction Control 

Input (TTL levels) 


ECL Ground 

ECL Output Ground 

ECL Ground-to-Substrate 
ECL Quiescent Power Supply 
ECL Dynamic Power Supply 
TTL Quiescent Ground 

TTL Dynamic Ground 

TTL Quiescent Power Supply 
TTL Dynamic Power Supply 


GNDECL 
GNDECLO 
GNDS 

VEE 


VEED 
GNDTTL 


GNDTTLD 
VOL 
VTTLD 
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ECL-TTL 
TRANSLATOR 


TRANSLATOR 


OUTPUT 
ENABLE 


TL/F/10970-6 


Truth Table 

ECL TTL 
jue | om | oe | Foe | pom | Notes | 
aaa: aie: 


(Cut-Off) 


net ne et 


LOW 
(Cut-Off) 


Soa 
ae ee 
rao [ot atehee [xe 


Low 
tt | | ithe ee 


Pa [tf tatenes [x] 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 

Z = High Impedance 

Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 
Note 4: Latch is transparent. 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (Tstcq) —65°C to + 150°C 
Maximum Junction Temperature (Ty) 
Ceramic +175°C 
Plastic + 150°C 
Vee Pin Potential to 
Ground Pin 
Viti Pin Potential to 
Ground Pin 
ECL Input Voltage (DC) 
ECL Output Current 
(DC Output HIGH) 
TTL Input Voltage (Note 4) —0.5V to + 7.0V 
TTL Input Current (Note 4) —30 mA to +5.0 mA 


Note 1; Absolute maximum ratings are those values beyond which the de- 
vice may be damaged or have its useful life impaired. Functional operation 
under these conditions is not implied. 


Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 


86E001 


Voltage Applied to Output 
in HIGH State 
TRI-STATE Output 
Current Applied to TTL 
Output in LOW State (Max) 


ESD (Note 2) 


—0.5V to + 5.5V 


Twice the Rated Io, (mA) 
= 2000V 


Recommended Operating 
Conditions 


Case Temperature (Tc) 
Commercial 
Industrial 
Military 
ECL Supply Voltage (Vee) 
TTL Supply Voltage (VtTL) 


—7.0V to +0.5V 


—0.5V to + 6.0V 
Veg to + 0.5V 


o°c to + 85°C 
—40°C to + 85°C 
—58°C to + 125°C 


—5.7V to —4.2V 
+4.5V to +5.5V 


-50 mA 


Commercial Version 


TTL-to-ECL DC Electrical Characteristics 
Vee = —4.2V to —5.7V, GND = OV, Tc = 0°C to +85°C, VTL = +4.5V to +5.5V (Note 4) 


Symbol | typ | Max | 
Vou Output HIGH Voltage | -955 | -s70 | mv 
VoL Output LOW Voltage —1705 — 1620 


Cutoff Voltage 


VouHc Output HIGH Voltage 
Corner Point High 


VoLc Output LOW Voltage 
Corner Point Low 


Conditions 
—1025 
— 1830 


Vin = VikiMax) OF VIL(Min) 


mV Loading with 509 to — 2V 


OE and LE Low, DIR High 
Vin = Vir(Max) OF ViL(Min), 
Loading with 509 to —2V 





Vin = Vin(min) OF ViL(Max) 
Loading with 50. to —2V 


mV 
—1035 mV 


ViH Input HIGH Voltage 2.0 
VIL Input LOW Voltage 
Input HIGH Current 


Over VrtL, VEE; Tc Range 
Over VttL, VEE, Tc Range 
Vin = +2.7V 


> 


Breakdown Test 
Input LOW Current —700 4 


pA 
Input Clamp 
~1. V 
Diode Voltage fo er 


Note 3: Either voltage limit or current limit is sufficient to protect inputs. 


Vin = +5.5V 
Vin = +0.5V 
In = —18mA 


LE Low, OE and DIR High 
Inputs Open 


LE and OE Low, DIR High 
Inputs Open 


Note 4: The specified limits represent the “‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 
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Commercial Version (Continued) 


ECL-to-TTL DC Electrical Characteristics . 
Vee = —4.2V to —5.7V, GND = OV, Tc = 0°C to +85°C, CL = 50 pF, Vrr_ = +4.5V to +5.5V (Note 4) 


symbol | ___ Parameter | _——sMin__—| Typ | Max__|_Units | Conditions 

VoH Output HIGH Voltage 2.7 3.1 log = —3MA, VTL = 4.75V 
2.4 2.9 lon = —3 MA, VtTL = 4.50V 

VoL Output LOW Voltage Fos | | top = 24 mA, Vir = 4.50V 


Vin Input HIGH Voltage Guaranteed HIGH Signal for All Inputs 
VIL Input LOW Voltage Guaranteed LOW Signal for All Inputs 


VDIFE Input Voltage 450 Required for Full 
Differential Output Swing 
Von Common Made GNDECL — 2.0 GNDECL — 0.5 
Voltage 


Input HIGH Current 3 
Input LOW Current 
TRI-STATE Current 
Output High 
TRI-STATE Current 
Output Low 


Output Short-Circuit 
Current 


Output HIGH 
Leakage Current 


Bus Drainage Test 


Vtt_ Supply Current 


3 


< 


Vin = Vin (Max) 
Vin = Vir (Min) 
VouT = +2.7V 


[ 


Vout = +0.5V 
Vout = 0.0V, VrtL = +5.5V 


Vout = 5.5V 


“I 
fo) 
= = = = =e TE 


Vout = 5.25V 


TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 


Note 4: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


DIP and PCC TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VrtT_ = +4.5V to +5.5V 


Fmax__| Toggle Frequency | 180 


tPLH Th to En E, (0) 90 
teHt (Transparent) : : 
90 


3 
> 


QOn o 
ON © 





Conditions 


_ 
Oo 
a 


Figures 1, 3 


0 2 


: 
Nn 
oi 
oS 


1 7 Figures 1, 3 


: 
—_ 
@ 
° 


teLH LE toE,, Ep 
tPHL 


tezH OE to Ep, En 2 Figures 1, 3 


2.10 
2.70 
(Cutoff to High) 8.00 
tPHZ OE to Ep, Ep, » 
(High to Cutoff) 2.70 
2.70 
1.50 


1.40 
tpuz DIR to E,, E, 1.30 
(High to Cutoff) : 


9 Figures 1, 3 


: 
_ 
w 
oO 


j 
2. 
1. 

Figures 1, 3 


1 9 


i 
= 
© 
oO 


0.70 Figures 1, 3 


ts 


80 

80 =, 

502. 

80 689 

40 2. 

40 2. 
tH 


o|o 
NW 
rom Ko) 


i 

1) 

@ 

3° 

: ‘ : a ‘ ! 

@ 

° 
= 
N 


Figures 1, 3 
Transition Time Figures 1, 3 


20% to 80%, 80% to 20% 
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Commercial Version (Continued) 
DIP and PCC ECL-to-TTL AC Electrical Characteristics 


Veg = —4.2V to —5.7V, Vig = +4.5V to +5.5V, a = 50 pF 


Symbol Parameter noes = | Te= oe | Conditions 
Fmax Toggle Frequency 


tPLH En, En to Th 1.70 Figures 2, 4 
tpHL (Transparent) > 

teLy LE to Tp 2.30 4.60 2.40 4.70 2.60 Figures 2, 4 
tpHL 3.30 5.50 3.50 5.70 4.00 

tpzH OE to Tp 2.30 4.90 2.10 4.70 2.00 Figures 2, 5 
tz. (Enable Time) 4.10 7.90 4.10 7.80 4.20 

tpHz OE toT, 3.30 7.90 3.30 7.50 3.70 Figures 2, 5 
tpLz (Disable Time) 4.10 7.50 4.30 7.80 5.30 

tpHz DIR to Ty 2.00 6.00 1.90 5.70 1.70 Figures 2, 6 
tpLz (Disable Time) 2.00 4.00 2.00 3.70 1.90 


En, En to LE Figures 2, 4 
En, En to LE Figures 2, 4 
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Industrial Version 


TTL-to-ECL DC Electrical Characteristics 
Vee = —4.2V to —5.7V, GND = OV, To = —40°C to +85°C, Vrt_ = +4.5V to +5.5V (Note 1) 


Symbol | tye | Max | 
| = 955 _| 


Conditions 


VoH Output HIGH Voltage | —1085 
VoL Output LOW Voltage — 1830 —1705 — 1575 


Cutoff Voltage 


VoHC Output HIGH Voltage ~ 1095 
Corner Point High 


VoLc Output LOW Voltage 
Corner Point Low 


Mi 
Yu ___| Inputtowvottage | 0 | Over Vrru, Vee, Te Range 
Sieatedeaet (2) eo Vin = +27 
ee Vin = +55V 
tea Get_}_—te0_|__}_ Vin = +0.8V 


Input Clamp lin = —18mA 

Diode Voltage 

Vee Supply Current _40 ik LE Low, OE and DIR High 
Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “worst case” conditions. 


Vin = Vit(Max) OF ViL(Min) 
Loading with 509 to —2V 


OE and LE Low, DIR High 


ViN= Vin(Max) OF Vit(Min): 
Loading with 509 to —2V 





Vin = Vix(Min) OF Vit(Max) 
Loading with 502 to —2V 


Over VrtL, Vee, Tc Range 
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100398 


Industrial Version (Continued) 


ECL-to-TTL DC Electrical Characteristics | 
Vee = —4.2V to —5.7V, GND = OV, To = —40°C to +85°C, CL = 50 pF, Vaz = +4.5V to +5.5V (Note 1) 


Symbol —_Perameter_|__in__[ typ |__iex__{ nit 


Output HIGH Voltage 2.7 3.1 
oy 4 oad 9 


VOH 


VoL 
VIH 
Vit 
VDIFF 
Vom 


loZHT 


lozLT 


los 


ICEX 


| Output LOW Voltage _| LOW Voltage 


ros | os 


Input HIGH Voltage =1170 See el ese 
Input LOW Voltage — 1830 | | 1480 | 


Input Voltage Differential 


Common Mode 
Voltage 


Input HIGH Current 
Input LOW Current 


TRI-STATE Current 
Output High 


TRI-STATE Current 
Output Low 


GND 


ECL — 2.0 GNDECL — 0.5 


rar 


pA 


Current 


Output HIGH 
Leakage Current 


Bus Drainage Test a | 


Vtt_ Supply Current 





pA 


Conditions 


lon = —3 mA, VTL = 4.75V 
lon = —3mMA, VtTL = 4.50V 


lo, = 24 mA, VTL = 4.50V 
Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 
Required for Fult Output Swing 


Vin = Vin(Max) 
Vin = Vin(Min) 
Vout = +2.7V 


VouT = +0.5V 


Vout = 0.0V, VrtL = +5.5V 
Vout = 5.5V 


| yA | Vout = §.25V 


TTL Outputs LOW 
TTL Outputs HIGH 
TTL Outputs in TRI-STATE 


Note 1: The specified limits represent the ‘worst case” value for the parameter. Since these values normally occur at the ternperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under “‘worst case” conditions. 


PCC TTL-to-ECL AC Electrical Characteristics 


Vee = —4.2V to —5.7V, VTL = +4.5V to +5.5V | 


Fmax 


tPLH 
tPHL 


tPLH 
tPHL 
tpzH 


tpHz 


tPHZ 


| Toggle Frequency | Frequency 


Tp to Ep, En 
(Transparent) 


OE toE,, E, 
(Cutoff to High) 


OE to E,, En 
(High to Cutoff) 


DIR to En, En 


(High to Cutoff) 
Try to LE 


Transition Time 
20% to 80%, 80% to 20% 


= ‘ Es 2 feo foe oe fe ee f= 
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Conditions 


Figures 1, 3 


Figures 1, 3 


Figures 1, 3 


Figures 1, 3 


Figures 1, 3 


Figures 1, 3 
Figures 1, 3 


Figures 1, 3 





Industrial Version (Continued) 
PCC ECL-to-TTL AC Electrical Characteristics | 


Vee = —4.2V to —5.7V, Vrt_ = +4.5V to +5.5V, CL = 50 pF 


Fmax Toggle Frequency 
'PLH En En toTn 1.70 4.90 1.70 5.10 1.80 5.80 
tpHL (Transparent) 

tein LE toT, 2.30 4.80 2.40 4.70 2.60 4.90 
tPHL 3.30 5.50 3.50 5.70 4.00 6.70 


tpz7H OE to Tp 2.30 5.50 2.10 4.70 2.00 4.30 
tpzi (Enable Time) 4.10 8.20 4.10 7.80 4.20 7.80 


tpHz OE to Try 3.20 7.90 3.30 7.50 3.70 7.90 
tpLz (Disable Time) 4.00 7.40 4.30 7.80 5.30 9.40 


86E001 


Conditions 


MHz 


Figures 2, 4 


Figures 2, 4 


‘ Figures 2, 8 


Figures 2,5 


tpHz DIR toT,, 2.00 6.60 1.90 5.70 1.70 5.20 
tpLz (Disable Time) 2.10 4.70 2.00 3.70 1.90 3.70 


ts En Ent LE 
tH En En to LE 


Figures 2, 6 


Figures 2, 4 


Figures 2, 4 
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100398 


Symbol 


Military Version—Preliminary 
TTL-to-ECL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, GND = OV, Tc = —55°C to +125°C, VTL = +4.5V to +5.5V 


—1025 —870 


=1085 


—1830 | —1620 


—1950 


0°C to 
+125°C 

— 55°C Vin = Vin (Max) 
0’C to or Vi, (Min) 
+125°C 

—55°C 

0°C to 
+ 125°C OE or DIR Low 
—55°C 

0°C to 
+ 125°C 

—55°C Vin = Vin (Min) Loading with 
O’C to or Vit (Max) 50 0 to —2.0V 
+125°C 


| Units | 
=| 
| mv | 
ES 
| mv _| 
me 
| mv _| 
ae 
| mv _| 
ca 
Dm | 550 
ae 
oe 
Hee 
alee 
ea 
BE: 


Output HIGH Voltage 


Output LOW Voltage Loading with 


502. to —2.0V 


Cutoff Voltage 


Output HIGH Voltage 


Output LOW Voltage 


Diode Voltage 


Vee Supply Current 





—55°C to | Over Vrq 1, Vee, To Range 
+ 125°C 
—55°C to | Over Vrq., Vee, Tc Range 
+ 125°C 
—55°C to 
125°C 
— 55°C to 
+ 125°C 


—55°C to | Vin = +0.5V 
+125°C 


—55°C to | lin = —18mMA 
+ 125° C 


LE Low, OE and DIR High 
Inputs Open 


Vin = +2.7V 


Vin = +5.5V 


Vee = —4.2V to —4.8V 
VeE = —4.2V to —5.7V 
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| Conditions |_ Notes 


Military Version—Preliminary (Continued) 
ECL-to-TTL DC Electrical Characteristics 


Vee = —4.2V to —5.7V, GND = OV, To = —55°C to +125°C, CL = 50 pF, Var. = +4.5V to + 5.5V 


Symbol 
Vou Output HIGH Voltage | 2.5 lon = —1mA, VoL = 4.50V 
: lon = —3 MA, VrtTL = 4.50V 1,23 
VoL Output LOW Voltage — 55°C to lo. = 24mA, VrTL = 4.50V 
+ 125°C 
Vin Input HIGH Voltage — 55°C to Guaranteed HIGH Signal 1234 
+ 125°C _for All Inputs een 
Vit Input LOW Voltage —55°C to Guaranteed LOW Signal 1234 
+125°C for All Inputs es 
Input HIGH Current 3 0°C to VeE = —5.7V 
5 


+125°C | Vin = Vin(Max) 


2.4 
lit Input LOW Current 0.50 — 55°C to Veg = —4.2V 
; + 125°C Vin = Vit(Min) 


86€001 





1,2,3 


lozHT TRI-STATE Current —55°C to Vout = +2.7V 
Output High +125°C 

lozLT TRI-STATE Current 246 —55°C to Vout = +0.5V 
Output Low : +125°C 

los Output Short-Circuit 150 —55°C to Vout = 0.0V, Vtt_ = +5.5V 
Current +125°C 


—55°C to TTL Outputs Low 
TTL Output High 
TTL Output in TRI-STATE 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals —55°C), then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides “cold start” specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at —55°C, +25°C, and + 125°C, Subgroups, 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at —55°C, +25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoH/Vot. 


TTL-to-ECL AC Electrical Characteristics 
Vee = —4.2V to —5.7V, VitL = +4.5V to +5.5V, GND = OV 


= ‘o, ‘ = 0, = + o 
Parameter Tc 55°C Te = +25°C Tc 125°C conto 


Ty to En, Ep Figures 1, 2 


4 Figures 1, 2 


ITTL Vtt_ Supply Current 





(Transparent) 
LE toE,, En 


1.0 3.9 1.1 3.6 1.1 4.0 
1.2 3.8 1.4 3.7 1.6 4.2 
OE to Ep, En 
0 3 5 4.4 1.7 5.2 
(Cutoff to HIGH) a ee ee 
1.5 5.1 1.6 4.5 1.6 5.1 
1.6 4.7 1.6 4.3 1.7 4.9 





Figures 1,2 
Figures 1,2 


Figures 1,2 


OE to En, En 
(HIGH to Cutoff) 


DIR to En, En 
(HIGH to Cutoff) 


Pintoue fest os ns | Figura t,2 
Tato Le p25 | 20 | ens | Figures 2 


Pulse Width LE p25 | 20 ns | Figures 4.2 
Transition Time Figures 1,2 
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100398 


Military Version—Preliminary (Continued) 


ECL-to-TTL AC Electrical Characteristics 
Vee = —4.2V to —5.7V, VTL = +4.5V to +5.5V, GND = OV, C, = 50 pF 


Parameter re 55°C To = +25°C To = + 125°C 
En, En to Th 


23. £464 24 56 | ns | Figures 3, 4 
(Transparent) 
Leto Tn 3.1 8.0 3.1 73 Figures 3, 4 
3.2 8.9 3.7 9.0 4 


OE toTp, 


Conditions 


0 Figures 3, § 


(Enable Time) 36 ~~ 9.4 4.0 9.3 43 


js | Figures 3, 
ine 
| Sass 
[ns | 


OE to T, 3.2 9.9 3.3 9.0 3.5 9.4 
(Disable Time) 3.0 9.7 3.4 8.8 44 


DIR to Ty 2.6 9.4 2.8 8.8 2.9 9.1 
(Disable Time) 2.7 8.5 4.0 9.7 


Ep, Ep to LE 


3.1 8.0 


Pulse Width LE 


Figures 3, 6 


Figures 3, 4 
Figures 3, 4 





Figures 3, 4 


Test Circuitry 


0.95 


T £ 

: Feet 

OUT 500 
ECL 

TERMINATOR 


“AV NET 


I 
I 
i] 
i] 
LE DIR OFF JI 
i] 





-4V — ECL 
TERMINATOR 


NET 


TERMINATOR TL/F/10970~8 
NET 
aa rs —t (SEE CIRCUIT DETAIL A) 
Fen 8 
rT 
F pq ~ TTL FORCING FUNCTION 
Feo, — ECL FORCING FUNCTION 


TL/F/10970-7 
FIGURE 1. TTL-to-ECL AC Test Circuit 





2-312 


Test Circuitry (Continued) 


86£00} 


-.95 


Fece 
500 


~4V = ECL 
TERMINATOR # 


ee ee 


pm ms om ow NET 


ECL 
TERMINATOR 
NET 
(USE CIRCUIT SHOWN ABOVE) 


1 
Fen ot 


Feo, ~ ECL FORCING FUNCTION 
TL/F/10970~10 
Ci. = 50 pF including stray and jig capacitance. 


Note: 502 to ground termination must be included on ECL I/O pins not monitored by a 50N scope to prevent oscillatory feedback. 
FIGURE 2. ECL-to-TTL AC Test Circuit 


Switching Waveforms 


DIRECTION CONTROL 


OUTPUT ENABLE 


TL/F/10970-9 
FIGURE 3. TTL-to-ECL Transition—Propagation Delay and Transition Times 
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100398 


Switching Waveforms (continued) 


TL/F/10970-11 
Note: DIR is LOW, and OE is HIGH 
FIGURE 4, ECL-to-TTL Transition—Propagation Delay and Transition Times 


OUTPUT ENABLE 


Vou (ITU) 


TTL OUTPUT 


TTL OUTPUT 


; Vor (TTL) 
Note: DIR is LOW, LE is HIGH TL/F/10970-12 
FIGURE 5. ECL-to-TTL Transition, OE to TTL Output, Enable and Disable Times 


DIRECTION CONTROL 


TTL OUTPUT 


TTL OUTPUT 


FT Voy (TTL) 


Note: OE is HIGH, LE is HIGH TL/F/10970-13 
FIGURE 6. ECL-to-TTL Transition, DIR to TTL Output, Disable Time 
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Applications 


ADDRESSES 


SYSTEM OUTPUT DATA BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


SYSTEM ADDRESS BUS (ECL) 


F100360 
PARITY 100398 | parity 
GEN. FEL WRITE DATA 
LATCH 
DIR TTL 
of 


LE 


WRITE DATA 
LATCH PARITY DATA 


ae DATA o/P 
ve 
Le 
100398 eine 
512 KBYTE 
MEMORY ARRAY 


ADDRESS 
LATCH 


OE 
fe a PARITY 
DATA 0/P PARITY 


100398 DATA 


Ft00370 
DECODER CONTROL 


LATCH 


OUTPUT DATA 
LATCH 


OE ECL 
LE 


100398 


F100360 
PARITY 
CHECKER 


100398 


SYSTEM INPUT DATA BUS (ECL) 


SYSTEM CONTROL BUS (ECL) 


86€001 


WRITE CONTROL 100398 
INPUT DATA STROBE 
ENABLE OUTPUT DATA 
MEMORY READ DATA LATCH STROBE 


TL/F/10970-14 


FIGURE 7. Applications Diagram—MOS/TTL SRAM Interface Using 100398 ECL-TTL Latched Translator 
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Section 3 
F100K 100 Series 
Datasheets 





Section 3 Contents 


100117 Triple 2-Wide OA/OAI Gate 
100118 5-Wide 5-4-4-4-2 OA/OAI Gate 
100126 9-Bit Backplane Driver 

100130 Triple D Latch 

100135 Triple JK Flip-Flop 

100142 4 x 4 Content Addressable Memory 
100156 Mask/Merge Latch 

100158 8-Bit Shift Matrix 

100165 Universal Priority Encoder 

100166 9-Bit Comparator 

100175 Quint 100K-to-10K Latch 

100179 Carry Lookahead Generator 
100180 High-Speed 6-Bit Adder 

100181 4-Bit Binary/BCD ALU 

100182 9-Bit Wallace Tree Adder 

100183 2 x 8-Bit Recode Multiplier 

100250 Quint Full Duplex Line Transceiver 
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OY National Not Intended For New Designs 


Semiconductor 


100117 
Triple 2-Wide OA/OAI Gate 


General Description 


The 100117 is a monolithic triple 2-wide OR/AND gate with 
true and complement outputs. All inputs have 50 kN pull- 
down resistors and all outputs are buffered. 


Ordering Code: see Section6 


Logic Symbol 


Data Inputs 

Enable Inputs 

Data Outputs 
Complementary Data Outputs 


TL/F/9843-3 


Connection Diagrams 


24-Pin DIP _24-Pin Quad Cerpak 
Dap Orb Fc Ver Eb Fa 


24 23 22 21 20 19 


7 8 9 10 11 12 





oOo YOM Oem Wh + 


_ 
Lo) 


0, OVecVeca % % 





TL/F/9843-2 


—_ — 
po — 


TL/F/9843-1 





100117 


Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) > Veg to +0.5V 


Siotsge Aemps ature —65°C to + ee Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) © 45.7Vto <4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter 
Vou Output HIGH Voltage | -—1025 | -955 | —880 
VoL Output LOW Voltage — 1620 
Vauc Output HIGH Voltage 


VoLc Output LOW Voltage 


Vin Input HIGH Voltage —~1165 —8g0 


VIL Input LOW Voltage ~ 1810 La —~4475 


lit Input LOW Current 


DC Electrical Characteristics 
Veg = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol! Parameter | min | Typ | ¢ Units Conditions (Note 4) 

VoH OutputHIGH Voltage | -1020 | = | ~870 | Vin = Vin (Max) | Loading with 
VoL Output LOW Voltage | -1810 | | —1605 or VIL (Min) ay eae 
VoHC Output HIGH Voltage | -1030 | | Vin = Vin (min) | Loading with 
Voue OutputLowVoltage | | | = 1595 | oF VIL (Max) aba! 


Vi Input HIGH Voltage a <2 Fe a70 Guaranteed HIGH Signal 


for All Inputs 
Vit Input LOW Voltage ies 4475 


Guaranteed LOW Signal 


' Conditions (Note 4) 
Vin’=VIH (Max) -| Loading with 
-OF Vit (Min) 502. to —2.0V 


< < 
i 


Vin = VIH (Min) ° Loading with 


—~4610 or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All inputs 


Guaranteed LOW Signal 
for All Inputs 


< omvV 


mV 


A |. Vin = Vit (Min) 


< < 


for All Inputs 


lic Input LOW Current « |.»0.50.... VIN = VIL (Min) 


DC Electrical Characteristics _ 
VeE = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol Parameter | Min Typ Conditions (Note 4) 


VoH Output HIGH Voltage —880 mV Vin = Vin (Max) Loading with 
VoL Output LOW Voltage | —1830 —1620 | - oF VIL (Min) 502 to —2.0V 


VoHc Output HIGH Voltage - —1045 
Votc Output LOW Voltage ~ — 


Vid Input HIGH Voltage 


Vin = VIH (Min) Loading with 
or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


mV 


“Input LOW Voltage 


mV 


A Vin = Vit (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied.” 

Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


= 


< 


Hie Input LOW Current 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 





DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, To = 0°C to + 85°C 


ZLLOOL 


Parameter Conditions 


Input HIGH Current Birusy 
All Inputs IN IH (Max) 


Power Supply Current -79 Inputs Open 


DIP AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Breese On ele 090 260 | 090 250 | 090° 260 | ns. ! 

Data to Output oes 

Propagation Delay 

Enable to Output 045 1.40 | 045 1.80 [945 = 1.40 Figures 1 and 2 
0.45 1.3 045° 1,80. 


Transition Time 


20% to 80%, 80% to 20% a oe 120 


Cerpak AC Electrical Characteristics 


Vee = —4.2V to —4.8V, Voc = Veca = GND 


Propagation Delay : oP 
Data to Output ee 2:20 ye 
0.45. 4.10 Figures 1 and 2 
0.45 ~=—- 1.10 


Transition Time 
20% to 80%, 80% to 20% 





jos 130 | i 


0.90 2.40 
Propagation Delay : 
Enable to Output 0.45 1.20 

0.45 1.20 


PULSE 
GENERATOR 


“= Egy 80% 
a 2 es : : TL/F/9843-5 50% 
_ FIGURE 1. AC Test Circuit COMPLEMENT 20% 


Notes: 
Veo. Veca = + 2V, Ver =, —2.5V panes {THLE 


L1 and.L2 = equal length 502 impedance lines 

Rr = 502 terminator internal to scope ' Aliases 
Decoupling 0.1 nF from GND to Voc and Veg FIGURE 2. Propagation Delay and Transition Times 
Ail unused outputs are loaded with 500 to GND 

C. = Fixture and stray capacitance < 3 pF 
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Za National 


Semiconductor 


100118 


_Not Intended For New Designs 


5-Wide 5, 4, 4, 4,2 OA/OAI Gate 


General Description 
The 100118 is a monolithic 5-wide 5, 4, 4, 4, 2 OR/AND 
gate with true complementary outputs. All inputs have 
50 kf pull-down resistors and all outputs are buffered. 


Ordering Code: see Section 6 


Logic Symbol 


24-Pin DIP 


Data Inputs 
Data Outputs 


24-Pin Quad Cerpak 
D2¢ Dy, Dgp Ver D3, Dap 


24 23 22 21 20 19 


7 8 9 10 11 12 


Die De VecVeca9 0 
TL/F/9844-2 


TL/F/9844-1 





Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


vin [Tye 


' Parameter 
VOH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc Output HIGH Voltage 
VoLc Output LOW Voltage 
ViH Input HIGH Voltage 


Symbol 


Vit Input LOW Voltage 


DC Electrical Characteristics 


lie Input LOW Current 


O°C to +85°C 
-7.0V to +0.5V 
“Vee to +0.5V 
= 50mA 
—5.7V to —4.2V 


Case Temperature under Bias (Tc) 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 
50N to —2.0V 


Vin = Vin(Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


< < 


| 


Vin = VIL (Min) 


Vee = —4.2V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter 
VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


Typ 


| Min 


VIL Input LOW Voltage 


DC Electrical Characteristics 


lie Input LOW Current 


Vee = —4.8V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Parameter. | Min | Typ | 
VoH Output HIGH Voltage ~ | -1035 | | 
VoL Output LOW Voltage | -1830 | | 
VoHc Output HIGH Voltage | -1045 | | 
Votc Output LOW Voltage eo Wie aa 

a 


Symbol 


Vin: input HIGH Voltage 


VIL Input LOW Voltage 


lit Input LOW Current 


870 


—880 
— 1620 


—880 


— 1490 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = ViH (Max) 
or VIL (Min) 


Loading with 
502. to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min) 


= 


< < < 


Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = Vix (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


mV 


mV 


pA Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 





811001 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to +85°C 


Input HIGH Current 
All Inputs 


Power Supply Current 


DIP AC Electrical Characteristics 


Vee = —4.2V to —4.8V, Voc = Voca = GND 


= 7° =+ CJ 


Propagation Delay 





Data to Output Oe eee 
4 1 


5 
Transition Time 
20% to 80%, 80% to 20% on 0 


Cerpak AC Electrical Characteristics 
Veg = —4.2V to —4.8V, Voc = Voca = GND 


. =0° “eS 490RC 4 
Parameter Te | a Ga DF. 
Min Max . 
Propagation Delay ner 
Data to Output 


Transition Time 
20% to 80%, 80% to 20% 


" Coniitions 


Min = Mit ta 


Inputs Open 
Conditions 


Figures 1 and 2 


Conditions 


Figures 1 and 2 





811001 


PULSE 
GENERATOR 


TL/F/9844-5 
FIGURE 1. AC Test Circuit 
Notes: 
Voc: Voca = +2V, Vee = —2.5V 
L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 uF from GND to Vcc and Veg 
All unused outputs are loaded with 502 to GND 
C. = Fixture and stray capacitance < 3 pF 


0.7+0.1 ns 0.7 +0.1ns 


OUTPUT 


COMPLEMENT 


Ries 


: oe AGS TL/F/9844-6 
FIGURE. 2. Propagation Delay and Transition Times 
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ZA National 


Semiconductor 


100126 


Not Intended For New Designs 


9-Bit Backplane Driver 


General Description 


The 100126 contains nine independent, high-speed, buffer —_ tion is desired. The output transition times are longer to min- 
gates each with a single input and a single output. The —imize noise when used as a backplane driver. All inputs 
gates are non-inverting. These buffers are useful in bus-ori- have 50 kf. pull-down resistors. 

ented systems where minimal output loading or bus isola- 


Ordering Code: see Section 6 


Logic Symbol 


»,—_>—— O1 
02 ——>—— 0» 
o; ——_}>——- 0, 
p; ——_>——- 05 


Ds ——}>——- 
Ds ——_}>——- 0, 
bs —_>—— 0 


Connection Diagrams 
24-Pin DIP 


OOO SN OD Oh Be RD Neat, 


—=—_— 
no = Oo 


[Finnanes | beserprion | 


D;-Dg Data Inputs 
01-Og Data Outputs 





TL/F/9850-3 


24-Pin Quad Cerpak 
Dg Dg Voca Vee D7 Dg 


24 23 22 21 20 19 


7 8 9 10 11 12 


0, 99 VecVeca 98 97 
TL/F/9850-2 


TL/F/9850-1 





Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


Storage Temperature Tol seb Output Current (DC Output HIGH) —50 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to ~4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Typ | Max | Units | ~ Conditions (Note 4) 


— 1025 mV Vin = VIH (Max) Loading with 


— 1810 —~1705 —1620 or Vit (Min) 50 to —2.0V 


— 1035 Vin = Vin (min) | Loading with 
502 to ~2.0V 


2 ; Guaranteed HIGH Signal 
for All Inputs 


Symbol Parameter 
VOoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHC Output HIGH Voltage 
VoLc Output LOW Voltage 
ViH Input HIGH Voltage 


VIL Input LOW Voltage Guaranteed LOW Signal 


for'All Inputs 


PA | Vin = Viccnti=y 


lie Input LOW Current 


DC Electrical Characteristics 
Veg = ~4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter | Typ | Max | Units | Conditions (Note 4) 

Von __| _OutputHIGH Voltage | -1020 | | _ -870_| Vin = Viti (Max) | Loading with 
Vou Soe ea poem ene) gears 
Vonc | _OutputHiGH Voltage | -1090 | | 


Vin Input HIGH Voltage mae P| 870 
VIL Input LOW Voltage ao Dinca ine 


Ne Input LOW Current | oso, | | 


DC Electrical Characteristics 
VeE = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min’ =| Typ | 
VoH OutputHIGH Voltage | -1035 | | 
VoL Output LOW Voltage = > | -1830 | | 
Voc OutputHIGH Voltage | -1045 | | 
VoLc OutputLowVoltage | | | 

esl 


Vin = Vix (Min) Loading with 
or ViL (Max) 502, to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = ViL (Min) 


Conditions (Note 4) 


—880 pom | Vin = Vin(Max) | Loading with 


~1620 or ViL (Min) 502 to —2.0V 


Vin = ViH (Min) Loading with 
or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All inputs 


Guaranteed LOW Signal 


—880 


VIH Input HIGH Voltage . ~1165 
Vit. ~~ Input LOW Voltage _ 
1830 for All Inputs 


he | ImputLowcurrent_— | 0.50 __| | A | Vin = Vi iy 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied, » 
Note 2: Parametric values specified at —4.2V to —4.8V. 


m 
m 
m 
m 
m 
m 
m 
m 


—1490 


V 
V 
V 
V 
pA 
V 
V 
V 
V 
pA 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘“‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to +85°C 


| Parameter | Min. 
Input HIGH Current =e 
Power Supply Current | 96 | 


Typ 
—70 


res 1 gate ay 


DIP AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Voc = Voca = GND 


= Cc 
Propagation Delay é : P eoe 
Data to Output 1.05 2.75 1.05 2.75 0S 5 
Transition Time 
20% to 80%, 80% to 20% 1.15 3.40 1.15 3.40 | ..1.05 3.40 


Cerpak AC Electrical Characteristics . 
Vee = —4.2V to —4.8V, Voc = Voca = GND a 


Propagation Delay 

Data to Output 1.05 265 | A105 = 2.65 |, 1.05 2.55 
Transition Time Se “ es a , 

20% to 80%, 80% tozo% | 115 380 | 115° 3.90 | 1.05 3.30 


PULSE 
GENERATOR S a OUTPUT 


ttLH 


ee : mn TL/F/9850-5 asf . TL/F/9850-6 
FIGURE 1. AC Test Circuit FIGURE 2. Propagation Delay and Transition Times 


Notes: ee 
Veo. Veca = +2V, Vee = -2.5¥ 

L1 and L2 = equal length 502. impedance lines 
Rr = 502 terminator internal to scope. 
Decoupling 0.4 F from GND to Vcc and VEE 
All unused ‘outputs are loaded with 509 to GND 
CL = Fixture and stray capacitance < 3 pF 
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Semiconductor 


100130 
Triple D Latch 


General Description 

The 100130 contains three D-type latches with true and 
complement outputs and with Common Enable (Ec), Master 
Set (MS) and Master Reset (MR) inputs. Each latch has its 
own Enable (E,), Direct Set (SD,) and Direct Clear (CDj) 
inputs. The Q output follows its Data (D) input when both E, 
and Ec are LOW (transparent mode). When either E, or Ec 


Ordering Code: see sections 
Logic Symbol 





; TL/F/9852-3 
Connection Diagrams 
24-Pin DIP_ 


oon Oo OR WD 


—_ =_ = 
no =~ S& 


TL/F/9852~1 


Not Intended For New Designs 


(or both) are HIGH, a latch stores the last valid data present 
on its D, input before E, or Eg goes HIGH. 

Both Master Reset (MR) and Master Set (MS) inputs over- 
ride the Enable inputs. The individual CD, and SD, also 
override the Enable inputs. All inputs have 50 kf. pull-down 
resistors. 


Individual Direct Clear Inputs 
Individual Direct Set Inputs 

Individual Enable Inputs (Active LOW) 
Common Enable Input (Active LOW) 
Data Inputs 

Master Reset Input 

Master Set Input 

Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 
Dy SD, MR Ver Eo MS 


24 23 22 21 20 19 


7 8 9 10 11 12 





Q2 Q Voc Veca Qs 
TL/F/9852-2 





O€LOOl 
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Logic Diagram 


Truth Tables (Each Latch) 
Latch Operation 


Latched* 
Latched* 


*Retains data presented before E positive transition 
H = HIGH Voltage Level . 
L = LOW Voltage Level 
X = Don’t Care 
= Undefined 
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Asynchronous Operation 


TL/F/9852-5 





Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


storage Temperature —65°C to + page Output Current (DC Output HIGH) —5O mA 
Maximum Junction Temperature (TJ) + 150°C Operating Range (Note 2) —~5.7V to ~4.2V 


O€LO0L 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 
Typ Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or Vit (Min) 502 to —2.0V 


Symbol Parameter 
VOH Output HIGH Voltage 
VoL Output LOW Voltage 
VOHC Output HIGH Voltage 
VoLc Output LOW Voltage 
VIH Input HIGH Voltage 


—1025 
— 1810 
—1035 


— 880 


—1705 —1620 


Vin = Vin (Min) Loading with 
or ViL (Max) 50 to —2.0V 


Guaranteed HIGH Signal — 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


< 


Vit Input LOW Voltage 


Vin = Vit (Min) 


_~ 


< < 


Nie Input LOW Current 


DC Electrical Characteristics 


Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 
T Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or ViL (Min) 502 to —2.0V 


Symbol Parameter 
Vou Output HIGH Voltage 
VoL Output LOW Voltage 
VoHcC Output HIGH Voltage 
VoLc Output LOW Voltage 
Vin Input HIGH Voltage 


< 
io] 


— 1020 
—1810 
— 1030 


-.. 870 

—1605 
Vin = ViH (Min) Loading with 
—1595 or Vit (Max) ' 500 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


—1150 —870 


Input LOW Voltage 


~ 1810 —1475 


< 


Input LOW Current 0.50 


5 = 
> 


Vin = VIL (Min) 


< < 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 
Typ Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or ViL (Min) 502 to —2.0V 


Symbol Parameter 


VoH Output HIGH Voltage 
VoL Output LOW Voltage — 1830 


VoHc -- Output HIGH Voltage —1045 Vin = VIH (Min) Loading with 
Vote - OutputLOW Voltage | | or Vit (Max) 502 to —2.0V 


VIH Input HIGH Voltage —1165 _g80 ay Guaranteed HIGH Signal 
ck for All Inputs 

VIL | Input LOW Voltage —1830 ~ 1490 ni Guaranteed LOW Signal 
: for All Inputs 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘'worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


—880 
— 1620 


< < 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 








100130 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc = 0°C to +85°C 


Conditions 
: Vin = Vin (Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Output (Transparent Mode) na Vande 


Propagation Delay 
Ec to Output 


Propagation Delay ' 

« om 75 Fi 1,2 3 
CD, SDp, Ep to Output i » . 5 igures 1, 2and 
Propagation Delay “ee 
MS, MR to Output : eda Figures 7 and 2 
ee bis oo 


Setup Time 


Do-De 90 © on | 07 0.90 Figures 3 and 4 


CDp, SDp (Release Time) “ee . je 4 1.40 
MR, MS (Release lus 2.00 





Figure 4 
Pulse Width LOW 
E,, Ec 


Pulse Width HIGH 
CD, SD,, MR, MS 


Figure 2 


Figure 3 





Cerpak AC Electrical Characteristics vee = —4.2V to —4.8v, Voc = Veca = GND 


ae To = +25 ce Conditions 


tpLy Propagation Delay D, to 
tpHL Output (Transparent Mode) 


O€+001 


Figures 1 and 2 
tPLH Propagation Delay A, 


tPHL Ec to Output 


tery Propagation Delay 


toy. CDp, SD E, to Output figures tea ands 


tpLH 


Figures 7 and 3 
tPHL g 


tTLH 


Figures 1 and 2 
tTHL 


ts Setup Time 
Do-Do 
CDy, SDp (Release Time) 
MR, MS (Release Time) 


Figures 3 and 4 


th Figure 4 


tow(L) Pulse Width LOW 2.00 =< yA Figure 2 
En Ec : : 


tow(H) Pulse Width HIGH ee 
CD, SDp, MR, MS 2.00 | Figure 3 


PULSE : : 
GENERATOR ce, ye Notes: 
‘ = Voc. Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 509 impedance lines 
Ry = 502 terminator internal to scope 
Decoupling 0.1 F from GND to Vcc and Vee 
ne All unused outputs are loaded with 502 to GND 
PULSE , ore Os Cy = Fixture and stray capacitance < 3 pF 





GENERATOR 


TL/F/9852-6 
FIGURE 1. AC Test Circuit 


0.7+0.1 ns 
| hoontetenten tebe ke he \ 


“ENABLE & TRANSPARENT LATCHED TRANSPARENT 





tPHL tPHL 
teLH tPLH 
een eee ny pece ween 


/ 80% 
OUTPUT 50% 


PY Y 20% 
ease ee wee ee eee es weed ee oes cee oe oe cee 
tTHL, trLH 


FIGURE 2. Enable Timing 
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Pew ewe ee ewe eee 


ee ee ee a ee ee ew ee ew ew ew we 


ENABLE TRANSPARENT LATCHED TRANSPARENT 
t.(RELEASE TIME) 


RESET/SET 


Poem —— 4 


OUTPUT 
/ 


ee ee ed 


TL/F/9852-8 


FIGURE 3. Reset Timing 


Notes: , 

ts is the. minimum time before the transition of the enable that information 
must be present at the data input. 

ty is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 


ENABLE 








FIGURE 4. Data Setup and Hold Time 
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Semiconductor 


100135 | 
Triple J-K Flip-Flop 


General Description 


The 100135 contains three J-K, edge-triggered master- 
slave flip-flops with true and complement outputs. All have 
individual Clock (CP,), Clear (C,), and Set (S,) inputs. 
Clocking occurs on the rising edge of CP,. All inputs have 
50 k©. pull-down resistors. 


Ordering Code: see Sections 
Logic Symbol 
Co CPo CP, CP2 Jo Ko Jy Ky Jo Ke 


F100135 


TL/F/9854-3 
Connection Diagrams. 


24-Pin DIP 


orawn DM OO hw OO Ss 


—_— —- = 
no =—- Oo 


TL/F/9854-1 





Not Intended For New Designs 


SELOOL 


Features 

@ Toggle frequency 750 MHz Typical 

m Propagation delay 2.2 ns max 
m Outputs specified to drive a 502 load 


| PinNames | __—Description 
ON J-Inputs 


~ K Inputs 
Direct Set Inputs 


Direct Clear Inputs 

Clock Inputs 

Data Outputs 
Complementary Data Outputs 





24-Pin Quad Cerpak 
CPy Jy Ky Veg Sy Ko 


24 23 22 21 20 19 


7 8 9 10 11 12 





Qp Q2 Vee Voc, Qs 24 


TL/F/9854~-2 





100135 


Logic Diagram 


Truth Tables (Each Flip-Flop) 


H 
L 
X 
U 
t 
t 


Synchronous Operation 


HIGH Voltage Level 

LOW Voltage Level 

Don’t Care 

Undefined 

Time before CP Positive Transition 
+ 1 = Time after CP Positive Transition 


~ = LOW-to-HIGH Transition 


3-20 


TL/F/9854-5 ae 





Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


if Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) oO°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to + 0.5V 


oe Temperature —65°C to + a Output Current (DC Output HIGH) —50 mA 
aximum Junction Temperature (Ty) +150°C Operating Range (Note 2) ~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol! Parameter | min | Typ Conditions (Note 4) 


VoH Output HIGH Voltage | —1025 —880 i Vin =Vin (Max) | Loading with 


VoL Output LOW Voltage | —1810 or Vit. (Min) 500 to —2.0V 


Vouc Output HIGH Voltage —1035 Vin = VIH(Min) Loading with 
Vouc OutputLow Voltage | or Vit (Max) 500 to —2.0V 


VIH Input HIGH Voltage Guaranteed HIGH Signal 
for All Inputs 


VIL Input LOW Voltage Guaranteed LOW Signal 
for All Inputs 


PA | Vin = Yin eatin 


Wie Input LOW Current | 0.50 | 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol_| Parameter |_—Min__| Typ | Max | Units | Conditions (Note 4) 
VoH Output HIGH Voltage —1020 | | 870. | Ti Vin = VIH (Max) Loading with 
VoL Output LOW Voltage | -1810 | — | —1605 | or VIL (Min) eee ad 


Voue OutputHIGH Voltage | -1090 | | |, Vin = Vin (Min) | Loading with 
VoLc Output LOW Voltage a) ae — 1595 or VIL (Max) 502 to —2.0V 


Vin Input HIGH Voltage ae p | =e70 | mv Sete Signal 
ViL Input LOW Voltage ~1810 lipase Guaranteed LOW Signal 
for All Inputs 


n Input LOW Current | 0.50 pA | Viv = Vi tir 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Veca = GND, To =. 0°C to + 85°C (Note 3) 


Symbol Parameter | Min | Typ Conditions (Note 4) 

VoH Output HIGH Voltage ve Vin = Vin (Max) | Loading with 
VoL Output LOW Voltage - or VIL (Min) 502 to —2.0V 
VoHC Output HIGH Voltage Vv Vin = VIH (Min) Loading with 
VoLc Output LOW Voltage ai or ViL (Max) 50 to —2.0V 


VIH Input HIGH Voltage Guaranteed HIGH Signal 
—1165 
for All Inputs 


VIL “Input LOW Voltage Guaranteed LOW Signal 
— 1830 
for All Inputs 


| Input Low Current | 0.50 _| pA | Viv = Vivir 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied... 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these “‘worst case” values normally occur at the temperature extremes, 
additiona! noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 





3-21 


SELOOL 


100135 


DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to + 85°C 


Conditions 


Input HIGH Current 
All Inputs 


Vin = Vin (Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Characteristics 
VEE = —4.2V to —4.8V, Vcc = Voca = GND 


Conditions 


Figure 1 


Propagation Delay 
CP, to Output 


Propagation Delay | 
0.90 1.80 0.90 2.00 0.90 
Cp, Sp to Output 


Transition Time ; 
20% to 80%, 80% to 20% 0.30 1.40 0.30 1.40 0.30. _ 1g 


Setup Time 
Jn» Ky to CPy 
Cn, Sp (Release Time) . 4 _ Figures 2and 3 


Hold Time 
Jn, Kn to CPpy 


Pulse Width HIGH 
CPp, Cr, Sp 


0.70 2.20 : : : : Figures 2and 3 


Cerpak AC Characteristics | 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 


Parameter Conditions 


Toggle Frequency Figure 7 


Propagation Delay 


CP, to Output Figures 2and 3 - 


Propagation Delay 

Cr, Sp to Output 

TransitionTime 

20% to 80%, 80% to 20%. 

Setup Time ~ 

Jn, Kp to CP ae 

Cr, Sp (Release Time) . F , . Figures 2 and 3 
_Hold Time 

JavKntoCP, - . 


Pulse Width HIGH — 
2 CPh, Ch, Sp : 
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1 GHz 
PULSE 
GENERATOR 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/9854-6 
FIGURE 1. Toggle Frequency Test Circuit 


TL/F/9854~7 
FIGURE 2. AC Test Circuit 
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Notes: 

Voc = Voca = +2V 

VeE = —2.5V 

* = equal electrical length 502 lines 

Ry = 502 termination 

Decouple power supplies with 0.1 uF from Voc 
and Veg to GND 

C_ = Fixture and stray capacitance < 3 pF 
Load all unused outputs with 502 to GND 

Set pulse generator output leve! for 740 mV p-p 
at a frequency of 10 MHz as measured at the 
clock input pin of the device under test. Do not 
readjust this voltage for frequencies up to fmax. 
The pad isolates the generator: output for D.U.T. 
input impedance variations. Signal voltage mea- 
sured at the D.U.T. input will vary as input imped- 
ance varies with frequency. 


Notes: 
Voc =-Voca = +2V 


Ver = —2.5V 


Decouple power supplies with 0.1 wF from Voc 


sand Vee to GND 


Ry = 502 termination 

Load all unused outputs with 509 to GND 
C, = Fixture and stray capacitance < 3 pF 
* = equal electrical length 502 lines 


# = Connect Scope CHAN A to pulse generator 
as required 


ft = Connect pulse generator to input under test; 
else connect input to voltage source set to 
+1.05 volts for logic HIGH or +0.31 volts for 
logic LOW 


Consult truth table for appropriate logical condi- 
tion 
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TRANSITION TIMES 
Qn, On 


TEST 
INPUT SIGNAL 
CHARACTERISTICS 


FIGURE 3. Propagation Delays and Setup and Hold Time 
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GA National 


Semiconductor 


100142 
4 x 4-Bit Content Addressable Memory 


General Description 


The 100142 is a 4 word by 4-bit Content Addressable Mem- 
ory (CAM). Reading is accomplished when an address se- 
lect input (Ag, A7, Az, Ag) is LOW and the write strobe input 
(WS) is HIGH. The corresponding stored word appears on 
the data outputs (Q9-Q3). Writing can be performed to indi- 
vidual bits of a word or to the whole word. (A LOW on an 
address select input enables a 4-bit word.) A LOW on a bit 
mask input (MKop, MKy, MKs, MK3) enables a bit within all 
four 4-bit words. Write data is presented on the data inputs 
(Do, Dy, D2, D3) and is latched into the addressed bit latch 
when the write strobe input (WS) is LOW. Hence, the bit 


Ordering Code: see Section 


Logic Symbol 


TL/F/9857-3 


Connection Diagrams 


24-Pin DIP 


oan DOr wn 


_— —- 
nv = oO 


TL/F/9857-1 


Not Intended For New Designs 


mask inputs are used to selectively store data bit-wise with- 
in an addressed word. During writing, the data input word is 
simultaneously compared to each of the stored memory 
words. A search/compare is performed by placing a LOW 
on the bit mask inputs and presenting a data pattern to the 
data inputs. Corresponding to the bit mask inputs, the match 
outputs (Mo-M3) go LOW if a data bit of the pattern 
matches the respective stored bit. A HIGH on any bit mask 
input forces a LOW on the respective match output. Each 
input has a 50 .kO. (typical) pull-down resistor to Veg. 


| PinNames_—|__Description | 


Data Mask Inputs 
Address Inputs 
Data Inputs 

Write Strobe Input 
Match Outputs 
Data Outputs 


24-Pin Quad Cerpak 
Ay Ay WS Veg Ap As 
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TL/F/9857-2 
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Truth Table 


Operation 


Write 
Disabled 


Write 
Read 


Match 
Masked 


Match Not 
Satisfied 


Match 
Satisfied 


cesrfeess| = ese ft 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

NC = No Change from Previous State 
WS = Write Strobe 

A; = Address for ith Word 

Dj = Data for jth Bit 


Zz Zz 


= 
~ 
} 


Sse 
RRR 


MKj = Data Mask for jth Bit 
H = Mask 


Qi = Cell State for ith Word, jth Bit” - 
M; = Match Output of ith Word 
L'= True 
Q; = Data Output of jth Bit 
Qn—1 = Previous Cell State 
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Absolute Maximum Ratings 


Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Veg Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) | de Veg to +0.5V 


Storage Teriperatury —65°C to + ie Output Current (DC Output HIGH) 80 mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) é ~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min | Typ | ’ Conditions (Note 4) 


VOH Output HIGH Voltage — 1025 —880 “Vin’=VIH (Max Loading with 
IH (Max) 


Von Output LOW Voltage | -1810 | -1705 | —1620 | OrViL (Min). 502 to —2.0V 
VoHC Output HIGH Voltage —1035 Vin = Vin(miny Loading with 
Votc Output LOW Voltage ~— 1610 or ViL (Max) 502 to —2.0V 


a 
ae eae 

Vid Input HIGH Voltage pas | Sage 
Le eee 


VIL Input LOW Voltage ~ 1810 —1475 


lie Input LOW Current 


aif 
< 


i 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


om 


mvV. 


= 
> 


Vin = VIL (Min) 


ae < < 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


Symbol Parameter | Min | 
VoH Output HIGH Voltage —1020 
VoL Output LOW Voltage —1810 


VoOHC Output HIGH Voltage 


ae 

ee 

| 1030 afin | 

Votc OutputLOWVoltage | =| | 
| 


Conditions (Note 4) 
—870 ~ oy ai Vin = VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Vin = VIH (Min) Loading with 
or VIL (Max) 502 to —2.0V 


+1595 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


. 870 


| nA 
[Units 
| nA 


ViH Input HIGH Voltage ~1150- 
Vit Input LOW Voltage —1810 


Nie Input LOW Current 


—1475 


Vin = Vi (Min) 


= 


DC Electrical Characteristics __ 
Vee = —4.8V, Voc = Voca = GND, Te = 0°C to +85°C (Note 3) 


Symbol Parameter 


Vou Output HIGH Voltage —1035 
VoL Output LOW Voltage — — 1830 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or Vit (Min) 500. to —2.0V 


—880 
— 1620 


VoHC Output HIGH Voltage | —1045 


ei 
bee 
a 

Voc OutputLOW Voltage | | | —t1610 
eal 


Vin = VIH (Min) Loading with 
or ViL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal! 
for All Inputs 


mV 


VIH Input HIGH Voltage ~1165 —~880 
Vi €o/” Input LOW Voltage | 1000 | 


Ih Input LOW Current | 0.50 | Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at — 4.2V to —4.8V. 


— 1490 mV 


pA 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these ‘“‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case” conditions. 
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DC Electrical Characteristics 
Vee = ~—4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to + 85°C 


Parameter Conditions 


Input HIGH Current Vin = ViH (Max) 
All Inputs 


Power Supply Current Inputs Open 


cPLOOL 





Ceramic Dual-in-Line Package AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Voc = Voca = GND 


Symbol Parameter Te = +25'C Te = + 85°C 
0 


Conditions 


tap Address to Data Out 4.20 4.40 1.20 4.30 1.20 4.50 


Figures 2and 3 


Figure § 


tom Data In to Match Out Time 1.60 3.80 
‘ww | Pati atc Ou tin 120400 
top Data In to New Data Out 1.70 4.60 
two Write to New Data Out 2.30 5.10 
tam Address to Match 2.50 4.90 Figure 2 
tmp Mask to Data 2.20. 5.00 
twsm__| WS to Match 2.80 5.10 
tw Write Pulse Width 1.30 

tas Address Setup before Write Time 1.40 


taH Address Hold after Write Time 1.40 


tos Data In Setup before Write Time Figure 1 


tus Mask In Setup Write Time 


toH Data In Hold after Write Time 1 1.10 
tMH Mask In Hold Write Time | 250 | 
Per Ree eT ee ET 


tTLH Transition Time 


3 0.50 2.30 Figure 2 


try 20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


2.30 0 
Cc 


Symbol Parameter Te = +25°C 


mea geen ee a aaa 
tap Address to Data Out 1.20 4.20 1.20 10 1.20 4.30 
tom Data In to Match Out Time ; 1.60: 3.50 1.60 3.40 1.60 3.60 


2 
4 


Figures 2and 3 


Figure 5 


‘mt | Bet aren Gut rime 120 300 
top Data In to New Data Out 1.70 4.40 
two Write to New Data Out” 2.30 4.90 
taM Address to Match 2.50 4.70 
tp Mask to Data 2.20 4.80 
twsm__| WStoMatch — 2.80 4.90 
tw Write Pulse Width 1420 | 120 | 
tas Address Setup before Write Time 1.30 
taH Address Hold after Write Time Ee ae EL aes 1.30 
tps _ Data In Setup before Write Time | o5s0 =| 050d 

tou Data In Hold after Write Time | 1400 =] 100 
tu __| Mask In Hold Write Time 2.40 
tus Mask In Setup Write Time 1.00 


ttTLH Transition Time 
trHL 20% to 80%, 80% to 20% Ore Sane Ven 20 


3-29 


1 
5 

Figure 2 
3 


0 
0 
0 


=} 
n 


Figure 1 





Figure 2 





100142 


Switching Waveforms 


PULSE 
GENERATOR 


TL/F/9857-6 
FIGURE 1. AC Test Circuit 


Note: 

Voc: Voca = +2V, Vee = —2.5V 

L1, L2 and L3 = equal length 502 impedance lines 
Rr = 502 terminator internal to scope 

Decoupling 0.1 pF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 


0.7 + 0.1 ns | ~<«— 0.7+0.1 ns 


80% 
50% 





20% 
tpHt_—> a  —e metpt 
NON-INVERTING cae pets 


50% 


* QUTPUT teLH—| < med <t— teHL 


80% 
50% 


INVERTING ae 20% 
fo ATH a = 


FIGURE 2. Output Rise and Fall Times and Wa 


“(NEW DATA) 


ee ee... ee 


“DATA OUT © (OLD DATA) 


/ 


tpn 


—~| tap i<— 
| ems, Y 


\ 
(NEW DATA) 44-50% 
\ 
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FIGURE 3. Write Mode and Read/Write Mode Waveforms 
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TL/F/9857-8 


+1.05 V 


L 


TL/F/9857-7 
veforms 





Switching Waveforms (Continueq) 


ADDRESS 


—~| tao 
DATA OUT 


TL/F/9857-9 
FIGURE 4. Read Mode Waveforms 


Application 

The 100142 is an ideal choice for the register file unit of a 
bit-slice processor. Figure 5 shows the configuration of four 
100145s into a 16 x 16 register file. The write enbles (WEy, 
WE) and output enables (OE;, OE2) are configured to al- 
low access to one array of sixteen 16-bit registers or two 
arrays of sixteen 8-bit registers. Simultaneous read and 
write addressing is made possible with separate buses. 
Also, reading and then writing to the same address is easily 
and efficiently done by tying one write enable to an output 
enable. 


YB15-YB12 YB11-YB8 


MRL 
WTL 
CSL 

WTH 
MRH 


RB3-RBO 


CSH 


$B3-SBO 


OB15-0B12 0811-OB8 
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MASK OUT BIT 
MASK COMPARE FOR 
ONE OR MORE BITS 
<< 


~<— tum 


MATCH OUTPUT 


TL/F/9857-10 
FIGURE 5. Search Mode Waveforms 


Y87-YB4 YB3-YBO 


O87-OB4 OB3-OB0 
TL/F/9857-11 


FIGURE 5. 16 x 16 Register File (Two 16 x 8 Register Files) 





3-31 





100156 


ZA National 


Semiconductor 


100156 
Mask-Merge/Latch 


General Description 


The 100156 merges two 4-bit words to form a 4-bit output 
word. The AM, enable allows the merge of A into B by one, 
two or three places (per the AS, value) from the left. The 
BM, enable similarly allows the merge of B into A from the 
left (per the BS, value). The B merge overrides the A merge 
when both are enabled. This means A first merges into B 
and B then merges into the A merge. If the B address is 


Ordering Code: see Section 


Logic Symbol 


ol E B3 Ag Bz Ao BSpASp Bo A; BS,AS; By Az 


Qo Q1 Q2 Q3 


TL/F/9861-3 


Note: 


When E is HIGH, Q, outputs do notchange, = 
When E is LOW, Q, = A or B depending:on which is.selected. 


Connection Diagrams _ 


24-Pin DIP 


ny =~ Oo 


TL/F/9861-1 


Not Intended For New Designs 


equal to or greater than the A address, then outputs are 
forced to B. : 

The merge outputs feed four latches, which have a common 
enable (E) input. Ail inputs have a 50 kQ. (typical) pull-down 
resistor tied to Veg. « 


Latch Enable Input (Active LOW) 
A Data Inputs 
B Data Inputs 


A Merge Enable Inputs 
B Merge Enable Inputs 
A Address Inputs 

B Address Inputs 

Data Outputs 





24-Pin Quad Cerpak 
AS; BS; ASo Veg E BSg 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q3 Q VecVeca® % 
TL/F/9861-2 
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100156 


Logic Diagram 
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TL/F/9861-5 
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Truth Table 


Tam | as | 


Bo | Bi | Bo |. Bs 
Bo By Bo .| Bg 
» | Ag Select A 

Bg 

Bg 

Bg 

Bg 


Ag 


ie) 
= 
—_ 


x< 
x< 
~< 


~ Select B 


x< 
x< 


rc 


* Merge A — B 


Ag MergeB — A 


Ag 
Bg 
Bz Merge A — B 
Bg 


Bs Merge A — B 
B3 then 
B3 MergeB — A 


Bg 
Bg 
Bg 


B Address = A Address 


X 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


fxr crere|rprrxrs 


jree rs 


xX 


Before At After At 
Start Start End |...End 


H = HIGH Voltage Level « 
L = LOW Voltage Level < 
X = Don't Care oa 
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Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 

tie lay eons os dear barr cameron Sales Veg Pin Potential to Ground Pin -7.0V to +0.5V 
ice/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


storage Temperate —65°C to + 150°C Output Current (DC Output HIGH) -~5O0mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) —~5.7V to —4.2V 


951001 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol Parameter 
Vou Output HIGH Voltage ~880 


VoL Output LOW Voltage —1810 —1705 — 1620 


VoHC Output HIGH Voltage —1035 


VoLc Output LOW Voltage 


VIH Input HIGH Voltage —1165 —880 


VIL Input LOW Voltage — 1810 | | —~1475 


lie Input LOW Current 


DC Electrical Characteristics 
Veg = —4.2V, Vcc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Symbol Parameter | Min | Typ 
VoH Output HIGH Voltage 
VoL Output LOW Voltage 
VoHc 


Vin Input HIGH Voltage 1150 —870 


yrpaitow owen [08 | 


DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or VIL (Min) 509 to —2.0V 


m 


V 
mV Vin = VIH (Min) Loading with 
—1610 or ViL (Max) 509 to —2.0V 
Guaranteed HIGH Signal 


for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min) 


= 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or VIL (Min) 502 to —2.0V 


Vin = VIH (Min) Loading with 
or Vit (Max) 50 to —2.0V 


—870 
—1605 


3 


3 
< < < 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


mV 


BA Vin = VIL (Min) 


Conditions (Note 4) 


Vin = VIH (Max) Loading with 
or Vit (Min) 50 to —2.0V 


Symbol Parameter 


VoH Output HIGH Voltage —1035 


lhe 

VoL Output LOW Voltage | -1830 | 

Vane ~ QutputHIGH Voltage | -1045 | | 

VoLc Output LOW Voltage ae ie —1610 
el 


—880 
— 1620 


Vin = VIH (Min) Loading with 
or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 


Vit Input LOW Voltage 
. for All Inputs 


— 1830 


Ne Input LOW Current A Vin = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 


— 1490 


< 


m 


Vin Input HIGH Voltage ~1165 —Bg80 


< < < 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, To = 0°C to + 85°C 


Parameter | min | typ | Max | Units | Conditions 


Input HIGH Current é ce” Ae 
An: Bn, BMn, AMn; BSn, ASn, E Pf fee fw NIN “ae ue) 


Power Supply Current Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Vcc = Voca = GND 


Propagation Delay 
An; Bp to Outputs 
SU as Mode) 


Propagation Delay 
AMp, BMp; AS», BSp to 
Outputs (Transparent Mode) 








Figures ft and 2 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 

An Bn 

AM,, BMp,; ASp, BSpy 
Hold Time 

An: Bn 

AMrp, BMp, AS, BSpy 


Pulse Width LOW E ded, . Figure 2 


Figure 3 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Vcca = GND 


Propagation Delay 
An; Bn to Outputs 
(Transparent Mode) 


Propagation Delay 


E to Outputs Figures 7 and 2 


“ Propagation Delay 
. AMn, BMn, ASn, BS, to 
Outputs (Transparent Mode) 


Transition.Time 

20% 'to 80%, 80% to 20% 
Setup Time 

An: Bn 

AMn, BMp; AS, BSp 

Hold Time 

An: Bn 

AMp, BMp, ASp, BSp 


Figure 3 


Figure 2 
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Notes: 

Veco. VocaA = +2V, Vee = —2.5V 

L1 and L2 = equal length 509 impedance lines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 pF from GND to Vcc and Veg 
All unused outputs are loaded with 509 to GND 
CL = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


TL/F/9861-6 


FIGURE 1. AC Test Circuit 


0.7+0.1 ns 
+1.05 V 


fect sw eerrte-“4 


An, Bn, AMn, BMn, 
ASn, BS, 





Ne i oe = + 0.31 V 


errs 
tow ———__——_ 
+1.05 V 







ENABLE 


TRANSPARENT-: LATCHED 





TRANSPARENT 


+0.31 
{PHL 
{PLY 


—m may 


. * 









commen 


80% 
50% 
20% 


2 om oe oe ee a 


OUTPUT (Qn) 





‘ 
‘. / 


Se ee ee 
trots tTLH 
TL/F/9861-7 


FIGURE 2. Enable Timing 












An, Bn, AMn, 
BMnp, ASp, BMn 





ENABLE 


TL/F/9861-8 
Notes: 
ts is the minimum time before the transition of the enable that information must be present at the designated input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the designated input. 


FIGURE 3. Data Setup and Hold Times 
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100158 


GA National 


Semiconductor 


100158 
8-Bit Shift Matrix 


General Description 


The 100158 contains a combinatorial network which per- 
forms the function of an 8-bit shift matrix. Three control lines 
(S,) are internally decoded and define the number of places 
which an 8-bit word present at the inputs (D,) is shifted to 
the left and presented at the outputs (Z,). A Mode Control 
input (M) is provided which, if LOW, forces LOW all out- 


Ordering Code: See Section 6 
Logic Symbol 


Do 01 D2 D3 Dg Ds Deg Dz 


Si 
S2 


M 
Zo Z1 22 23 24 25 Ze 27 


wr /9e62-3 


Connection Diagrams 


24-Pin DIP 


TL/F/9862-1 


Not Intended For New Designs 


puts to the right of the one that contains D7. This operation 
is sometimes referred to as LOW backfill. |f M is HIGH, an 
end-around shift is performed such that Do appears at the 
output to the right of the one that-contains D7. This opera- 
tion is commonly reférred to as” barrel Sting: All inputs 
have 50 kf pull-down resistors. — 


Data Inputs 


Select Inputs 
Mode Control Input 
Data Outputs 





24-Pin Quad Cerpak 


24 23 22 21 20 19 


7 8 9 10 11 12 


Z4VocaYecVeca 23 22 
TL/F/9862-2 
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100158 
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TL/F/9862-5 


Truth Table 


J4atTr4st trys rtrTtsa4s rt 


SS ed Eee Ee eh EE 


H = HIGH Voltage Level 
L = LOW Voltage Level 


X = Don’t Care 








3-39 


100158 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Ver Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) 2 Veg to +0.5V 


Slolage emperalure See Not see Output Current (DC Output HIGH) ~ &,, —50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) p ~5.7V to = 4.2V 


DC Electrical Characteristics 

Vee = —4.5V, Vcc = Vcca = GND, Tc = 0°C to + 85°C (Note 3) : ee 
“ ” Conditions (Note 4) 

Vin'=Vin(Max) | Loading with 

VoL j or ViL (Min) 509 to —2.0V 

VoHC VIN = Vi (Min) Loading with 


Votc Output LOW Voltage i or ViL (Max) 502 to —2.0V 


Vin Input HIGH Voltage « .., | Guaranteed HIGH Signal 
ie é ) for All Inputs 


ViL é| >, | Guaranteed LOW Signal 


“for All Inputs 
lie Input LOW Current 


DC Electrical Characteristics 


Symbol “Max. Conditions (Note 4) 
Vou Output HIGH Voltage 670. | 
VoL Output LOW Voltage —1810 oe . 


Vin = ViH (Max) Loading with 
or VIL (Min) 5020 to —2.0V 


V 
V 
VoLc Output LOW Voltage ly a or Vit (Max) 502 to —2.0V 
Vin Input HIGH Voltage on a y Guaranteed HIGH Signal 
os co for All Inputs 
Input LOW Voltage — A Vv Guaranteed LOW Signal 
setts for All Inputs 


Input LOW Current 4 |.0.50.... Vin = Vit (Min) 
m 
m 


m 

Vorc Output HIGH Voltage ~1030 4 Vin = Vin (Min) Loading with 
m 
m 


DC Electrical Characteristics ___ 

VeE = —4.8V, Voc = Voca = GND, Tc =_0°C to +85°C (Note 3) 

Symbol | Parameter [Win | Typ | Max | Unite | 

VoL Output LOW Voltage =| -1830 | | —1620 | or VIL (Min) sOfrto 20M 
— Output HIGH votae_| —roes_| fw | Vin = VIH (Min) Loading with 


Conditions (Note 4) 
Vin = Vin (Max) Loading with 


Voc Output LOW Voltage © la ~—1610 or VIL (Max) 502 to —2.0V 


Vin Input HIGH Voltage iz 2 
ecetren,. “ us eee for All Inputs 
Vir 47" input QW Voltage — 1830 mV Guaranteed LOW Signal 
foe ok for All Inputs 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied...” 


Guaranteed HIGH Signal 








Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc 0°C to +85°C 


Input HIGH Current 
All Inputs 


Power Supply Current Inputs Open 


8SLOOL 


Vin = Vin (Max) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


To = +85°¢ =| penis 


Propagation Delay 
Dp to ee 
Figures 1 and 2 


M to Output 
Propagation Delay 

Sp to Output 

Transition Time 

20% to 80%, 80% to 20% 0.50 2.30 0.50 2.30 0.50 2.30 < 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


symbol = =e See Ssralliont 





Propagation Delay 
Dn to ide 
M to Output Figures 1 and 2 


Propagation Delay 
Spy to Output 


Transition Time 
20% to 80%, 80% to 20% 
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100158 


PULSE 
GENERATOR 


24 23 22 21 20 19 
18 


7 
16 


Notes: 

Voc: Voca = +2V, Veg = —2.5V. 

L1 and L2 = equal length 509 impedance lines. 

Rr = 502 terminator internal to scope. 

Decoupling 0.1 uF from GND to Vcc and Vee. 

All unused outputs are loaded with 509. to GND. 

C. = fixture and stray capacitance < 3 pF. 

Pin numbers shown are for flatpak; for DIP refer to logic symbol. 


FIGURE 1.AC Test Circuit « 


0.7+0.1 “| 


0.7+0.1 ns 


80% 
50% 


OUTPUT ~ 


4 , : i — - 


FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9862-6 


TL/F/9862-7 





Applications 

The following technique uses two ranks of 100158s to shift 
a 64-bit word from 0 to 63 places. Although two stage de- 
lays are required (one for each rank), the total shift takes 
only about 4 ns. This technique performs a bit shift on each 
8-bit byte in the first rank and then a modulo-8 byte shift on 
the 64-bit word in the second rank. 


Basic 16-Bit 0-7 Place Shifter 


Figure 3 shows the basic 0-7 place shift technique which 
can be expanded to accommodate any word length. 


DATA INPUTS 


01234567 


TO 
F100158 


Poy 01D2 2 —A 07 


F100158 
2 
i 20 212223242526 27 





Each 8-bit byte requires a pair of 100158s operating in the 
LOW backfill mode. The address lines for each pair of ICs 
are driven out of phase by three OR gates. Inputs for the 
two ICs are taken from two bytes transposed in order; out- 
puts are transposed and emitter-OR tied. One device shifts 
right from location 0 and the other shifts left from location 7. 
The bits shifted off one pair are picked up by the next pair of 
100158s or—in the case of the last one in the rank—re- 
turned to the first device. The net result is a 0- -7 place shift 
of the entire word. 


8 HAN eeu 


FROM: 
es 


O 2h Wb ao 


DoD102D3D4D5Dg 07 
So 


Ps Foose S1 
82 S2 


F100158 
4 


M : M 
202122 232425 Z5 27 Z0 21222324 Z5 2627 


th 
EEE 
Ltt Ty | 


FIGURE 3. Basic 16-Bit 0-7 Place Shifter 
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8 9101112131415 


TL/F/9862-8 





851001 





100158 


Applications (continued) 


Expanding to 64-Bit Word and 64-Place Shift 


The basic 0-7 place shift technique can be expanded to 
accommodate a 64-bit word shifted from 0 to 63 places, 
however, two ranks of 100158s are required (Figure 4). The 
first rank is identical to the one illustrated in Figure 3 except 
it contains a total of 16 devices. The second rank consists 
of eight additional 100158s connected in the modulo-8 con- 
figuration shown in Figure 5. 


The modulo-8 rank is used to simulate an 8-bit simultaneous 
shift since the 100158 cannot shift in 8-bit jumps. The mod- 
ulo-8 configuration is achieved by wiring the first rank and 
the output device to the second rank as illustrated in Figure 
5. The LSB of each output byte in the first rank is wired to 
one of the eight. inputs of the first 100158 in the 


" MODESELECT 
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second rank. The next least significant bit of each first-rank 
100158 pair, however, is connected to the inputs of the sec- 
ond 100158 in the second rank. The other first-ranked out- 
puts are connected in a similar fashion to.the remainder of 
the second-rank inputs. Ultimately, the’outputs of the sec- 
ond rank must then be connected to reform thé'final usable 
64-bit word so that the bits are again ordered from 0-63. 
The effect is that each single-location shift in the second 
rank appears to be an eight place shift in the:final word due 
to the way the inputs and outputs of the second rank are 
connected. The combination of the two ranks produces the 
64-place shift of the entire word. 


‘2 ~€64-BIT OUTPUT WORD> 61 62 63 





RANK t — 16 CHIP 
0-7 PLACE BIT SHIFT 


RANK 2 — 8 CHIPS 


MODULO-8 BYTE SHIFT 


2 <« 64-BIT INPUT WORD—->61 62 63 
TL/F/9862-9 


FIGURE 4. 64-Bit 0-63 Place Barrel Shifter 
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Applications (continued) 


851001 


.————__—__—__-________—__—_____—_—- WORD TO BE SHIFTED -—_—_—_____________~»__________________» 63 
0123 45 67 8 9 10 1112 13 14 15 56 5758 59 60 61 62 63 


8 16 24 32 40 48 58 1 9 17 25 33 41 49 57 7°15 23°31 39 47 55:63. 


Do Dy Dz D3 Dg Ds Dg D7 “oJ Dp Dy Dz D3 Dg Dg:Dg Dz 
So : So 

S F100158 Sy F100158 

S2 2 S2 8 





Mz, Z) Z2 23 Zs 2s Zs Zr Pry zes21 ze 25 24 25 Ze Zr 


0 8 16 24 32 40 48 56 19 1725 33 41 49.57 ; © > 45 23:31 39 47 55 63 


TO 
OUTPUT 
DEVICE 


04123 45 6 7 8 9.10.11 12 13 14 15 is 56 57 58 59 60 61 62 63 
‘<< WORD AFTER SHIFT ar a a a at 


a TL/F/9862-10 
FIGURE 5. Modulo-8 Shift 
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100165 


ZA Nationat 


Semiconductor 


100165 
Universal Priority Encoder 


General Description 


The 100165 contains eight input latches with a common 


Enable (E) followed by encoding logic which generates the 
binary address of the highest priority input having a HIGH 
signal. The circuit operates as a dual 4-input encoder when 
the Mode Control (M) input is LOW, and as a single 8-input 
encoder when M is HIGH. !n the 8-input mode, Qo, Qy and 
Qo are the relevant outputs, Io is the highest priority input 
and GS, is the relevant Group Signal output. In the dual 
mode, Qo, Qy and GS; operate with Io-I3. Qe, Q3g and GSo 


Ordering Code: see Section 


Logic Symbol 


Q; GS; GS2 Qe 


TL/F/9866-1 


Not Intended For New Designs 


operate with I4-l7. A GS outgu goes LOW when. its perti- 
nent inputs are all LOW. : 
Inputs are latched when E goes HIGH. AHIGH signal on the 
Output Enable (OE) input forces. all Q outputs LOW and GS 
outputs HIGH. Expansion to accommodate more inputs can 
be done by connecting the GS output of a higher priority 
group to the OE. input of the next lower priority group. All 
inputs have 5' kQ pul resistors. 





bos, Description 


Data Inputs 

Enable Input (Active LOW) 
Output Enable Input (Active LOW) 
Mode Control Input 

Group Signal Outputs 

Data Outputs 

Complementary Data Outputs 


24-Pin Quad Cerpak 
I; M E Ver OF 


24 23 22 21 20 19 


7 8 9 10 11 12 


Q; 6S; Voc Vecy G52 Qy 


TL/F/9866-2 
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100165 


Logic Diagram 


TL/F/9866-5 


Truth Table 


paas2s| J4odoi44aso/| Lt 
oooidnsfjo4oodt ao] 4 


oogostioodajnanost ia oj 





Given by Io-I7 when E was LOW and M = L 
Given by Io-l7 when E was LOW and M 


=H. 





Don’t Care 


H = HIGH Voltage Level 


L = LOW Voltage Level 


Blank = X 
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100165 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (T3) + 150°C 


DC Electrical Characteristics 


0°C to +85°C 
—7.0V to +0.5V 
“> Ver to +0.5V 

- ¢ —50mA 
" +~5.7V to -4.2V 


Case Temperature under Bias (Tc) 
Veg Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 


Vee = —4.5V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


VoLc | OutputLow Voltage {| | 


VIL Input LOW Voltage . ~1810 P| 


lit Input LOW Current | 0.50 | 


DC Electrical Characteristics 
Vee = —4.2V, Voc = 


Vin Input HIGH Voltage 
Input LOW Voltage - 1 810 


Input LOW Current AL = cr 


DC Electrical Characteristics 7 





* Conditions (Note 4) 


Loading with 


« VIN’ =VIH (Max) 
502 to —2.0V 


or Vi (Min) 


Vin = Vin (Min) 
or ViL (Max) * 


Guaranteed HIGH Signal 
- for All Inputs 


Guaranteed LOW Signal 
tor All Inputs 


_ Vin = Vit (Min) 


—1620 


Loading with 
502. to —2.0V 


Voca = GND, To = 0°C to + 85°C (Note, 3) 


Conditions (Note 4) 


Loading with 
509 to —2.0V 


Vin = VIH (Max) 
Or VIL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min) 


Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vou = 1890 
Vou iets 
Vou 


Vin Input HIGH ie” 
Vit 4. | = Input LOW Voltage 


Woo input LOW Current 





Conditions (Note 4) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with — 
502 to —2.0V 


Vin = VIH (Min) 
or ViL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Note 1: Absolute maximém ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 


conditions is not implied. © 


Note 2: Parametric values Specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to -4.8V unless otherwise = ee Vcc = ae = GND, eae = 0°C to ae 


S9LOO0l 


| Parameter Conditions 


_ Input HIGH Current fp dag 
All Inputs YIN IH (Max) 


Power Supply Current = Inputs Open 


Ceramic Dual-In-Line Package AC Characteristics 
Veg = —4.2V to —4.8V, Voc = Voca = GND 


tpiy Propagation Delay 
tPHL Ip-l7 to Qo-Qg, Qo-Qz 


(Transparent Mode) Figures 1 and 3 


teLy Propagation Delay 
tpHL lo—l7 to GS4-GSo 
(Transparent Mode) 


tetH Propagation Delay : Soy, 

oe a a ; 3. 3. 
tPHL OE to Qo-Qs, Co-g 1.00 3.00 | 1.00 8.00 | 1:10 3.30 
tPLH Propagation Delay r 5 

ee 5 H . . : : d 
tPHL OE to GSy-GSp 1.10 2.60 1.10 2.60 1.20 2.80 Figures 1 and 2 
tPLH Propagation Delay COE Ee 

a A 0.9 1 3 0 0 

ia M to Qo-Qy, Gy-O 0 360 | 1.00 360 | 100 38 
tpLH Propagation Delay 
tPHL E to Qo-Q3, Qo-Q3 





Figures 7 and 3 


tTLH Transition Time LEGER 7 
20% to 80%, 80% to 20% Ae A Figures 1, 2.and 


Setup Time 


lo-!7 “ a ws f Figura 4 
Hold Time Rs ie 
lo-l7 

Pulse Width LOW 


a [ 3 
E Figure 
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100165 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Siabel [ete Se ei=| ereiians 
Propagation Delay EPP be 
Ip-I7 to Qo-Q3, Qo-Gg so] fe 
(Transparent Mode) a Ei nd Figur es fa nd 3 
Propagation Delay i = | 
lo-l7 to GSy-GSo 1.30 3.70 | 1.30 3.70 
(Transparent Mode) 


Propagation Delay 
GE to Qo-Q3, Qo-O3 
Propagation Delay 
OE to GS;-GS» 
Propagation Delay 
M to Qo-Q3, Qo-Qz 
Propagation Delay 
E to Qo-Q3, Qo-O3 
Transition Time 
20% to 80%, 80% to 20% 
ts Setup Time 
lo—-I7 
ty Hold Time 
lo-I7 
tow(L) Pulse Width LOW 
E 





1.10 2.40 1.10 ° 2.40 ; : Figures 1 and 2 
0.90 3.40 | 100 3.40 
150 450 | 1.50 4.40 | 460° 4,80. Figures 1 and 3 


0.45 140 | 045. 1. AB. Figures 1, 2and 3 


Figure 4 


Figure 3 


TL/F/9866~-6 


FIGURE 1. AC Test Circuit 





S91001 


OUTPUT tet 


COMPLEMENT 


{TLH =) 


TL/F/9866-7..:° 


FIGURE 2. Propagation Delay (M, OE) and Transition Times 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 
L1 and L2 = equal length 50 impedance lines 

Ry = 502 terminator internal to scope 

Decoupling 0.1 wF from GND to Voc and Veg 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


paee oe sees 


4 


ee 
ee ee en ee en — Ne wee a wee we eo 31 V 


tow 


ENABLE TRANSPARENT ak TRANSPARENT 


tPHL " tPHL 
fd tPLH 


eee ewe fees ee ey 
OUTPUT (Qn) rg 


(THE tTLH 





TL/F/9866-8 
FIGURE 3. Enable Timing 





TL/F/9866-9 
FIGURE 4. Setup and Hold Times 
Notes: 
ts is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 
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100166 


CA National Not Intended For New Designs 


Semiconductor 
100166 
9-Bit Comparator 


General Description 


The 100166 is a 9-bit magnitude comparator which com- Other functions can be generated by the wire-OR of the 
pares the arithmetic value of two 9-bit words and indicates _ outputs. All inputs have 50.k. pulldown resistors. 
whether one word is greater than, or equal to, the other. % 


Ordering Code: see sections 


Logic Symbol 


PinNames |. <. Description 


Bo Ao B;, A; Bz Az B3 Ag Ba Aq Bs As Be Ag By Az Bg Ag 


“}. A Data Inputs 
“B Data Inputs 
A Greater than B Output 
B Greater than A Output 
Complement A Equal to B Output 
TL/F/9867-3 (Active LOW) 


B>A A=B A>B 





Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 
Bg By Bg Vee Ag Az 


24 23 22 21 20 19 


FOC w on oO OF & WN = 


B>A A=B Voc Voc, A>B Ag 


TL/F/9867-2 


TL/F/9867-1 





Logic Diagram 


S9LOOL 


TL/F/9867~5 


Truth Table 


Inputs Outputs 


AaBe AsBe | AsBs | AsBs | AsBs | AsBe | ABs | AoBo | A>B| B>A| A=B 


HL ace 
Ag=Bgi HL ee 
Ag=Bs| LH a 


Ag = Bg HL 
Ag = Bg LH 
Ag = Bg Ag = Bg 
Ag = Bg Ag = Bg 


Ag = Bg 
Ag = Bg 
Ag = Bg 
Ag = Bg 


Ag = Bg 
Ag = Bg 
As = Bg 
Ag = Bg 


Ag = Bg 
Ag = Bg 
Ag = Bg 

H = HIGH Voltage Level 


L = LOW Voltage Level 
Blank = Don't Care, 


CTF@rTtyjJTITITITjyTITIrTyTITrTryjyrTrIiTt 


Pre Pr al ie eee ae ae 








100166 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) j be » Veg to +0.5V 


viorge Temperawre —65'C to + bade Output Current (DC Output HIGH) : . , ~50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) é : : =5ov to = 4,2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) ee 
Symbol Parameter ” Conditions (Note 4) 

VoH Output HIGH Voltage | -955 | —880 < Vin = VIH (Max) Loading with 
VoL Output LOW Voltage | —1810 or Vit (Min), scabies 


VoHc Output HIGH Voltage —1035 7 Vin = Vin (Min) Loading with 


| Min | 
| = 1025 | 
| = 1810 
| = 1095 | 
VoLc Output LOW Voltage 2 = all or VIL (Max) 502 to —2.0V 
| 0.50 | 


Vin Input HIGH Voltage Guaranteed HIGH Signal 


- for All Inputs 


Guaranteed LOW Signal 
é for All Inputs 


VIL Input LOW Voltage 


lie Input LOW Current Vin = Vit (Min) 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note. 3) 


Symbol Max. | /Units Conditions (Note 4) 


Vou Vin = VIH (Max) Loading with 
VoL or VIL (Min) 502 to —2.0V 


Vouc | 


Voic 
DC Electrical Characteristics _ 


VIH 
Vee = —4.8V, Voc = Voca = GND, To =_0°C to +85°C (Note 3) 


Vin = VIH (Min) Loading with 
or VIL (Max) 502 to —2.0V 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


V 





Vin = Vit (Min) 


Symbol Parameter 


Vou Output HIGH Voltage —1035 


VoL Output LOW Voltage ~ | -18390 | | 
VoHc OutputHIGH Voltage | -1045 | | | Vin = Vin (Min) | Loading with 


Conditions (Note 4) 


V 
mV 
m 
mV 
mV Vin = VIH (Max) Loading with 

or ViL (Min) 502 to —2.0V 
V 


eo 


Ware Output LOW Voltage Or ViL (Max) 502 to —2.0V 


Vin Input HIGH Voltage. ose } | 000 | mw | cuieed cy Signal 
VL Aw ™~IngULLOW Voltage —1830 | ~ 4490 ee ee 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its usefu! life impaired. Functional operation under these 
conditions is not implied.” 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


m 
m 
m 





Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcoca = GND, Tc = 0°C to + 85°C 


Conditions 


Input HIGH Current 


All Inputs Vin = VIH (Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


= 1o = 'o = + 0; 
Symbol Parameter fe= Oe fe 2228 Te path 
1.40 3.90 


Conditions 


ae eas oe ae a0 30 |e | 
Data to Output Figures 1 and 2 
Transition Time 


Cerpak AC Electrical Characteristics yas 
Vee = —4.2V to —4.8V, Voc = Voca = GND - 


Propagation Delay 





To = +25°C To = +85°C 


Conditions 


ot Figures 1 and 2 


Propagation Delay = | 
Data to Output ae 3.3 1.40 3.70 
“14 45 1.40 


1.40 0 
Transition Time 


7 
4 


PULSE 
GENERATOR 


TL/F/9867-6 
FIGURE 1. AC Test Circuit 


Notes: coe 

Voo. VecA: = 4 2VeVEE = —2.5V 

L1 and L2 ='equal length 50M impedance lines 

Rr = 502 terminator internal to scope 

Decoupling 0.1 .F from GND to Vcc and Veg 

All unused outputs are loaded with 509. to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 





3-55 


991001 





100166 


0.7 +0.1 ns 


OUTPUT 


FIGURE 2. Propagation Delay and Transition Times , 
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CA National Not Intended For New Designs 


Semiconductor 


100175 
Quint Latch 100K In/10K Out 


General Description Features 


The 100175 is a 5-bit latch with temperature and voltage ™ Outputs specified to drive a 502 load 
compensated 100K compatible inputs and voltage compen- _m™ Available in 16-pin ceramic DIP 

sated 10K compatible outputs. Each latch has one data in- mm 100K compatible inputs/10K compatible outputs 
put and one output. All five latches share a common clear Hos 

input and two enable inputs. All inputs have 50 kN pull- 

down resistors. 


Ordering Code: see Section6é é "a . 
Logic Symbol Connection Diagram 


16-Pin DIP 


TL/F/9870-2 


2 
3 
4 
5 
6 
7 
8 


100K Data lnputs © 

100K Enable Inputs : TL/F/9870-1 
100K Common Clear Input 

10K Data Outputs , 





Logic Diagram 


c 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 

Qn-1 = Previous State 


TL/F/9870-3 





GZLOOL 





100175 


Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 


If Military/Aerospace specified devices are required, Min 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature Under Bias (Ta) —55°C to + 125°C 
Maximum Junction Temperature (Ty) +150°C 
Supply Voltage —8V 
Input Voltage (DC) —5.2V to +0V 
Output Current (DC Output HIGH) —55mA 
Operating Range —5.72V to —4.68V 
Lead Temperature (Soldering, 10 sec.) 300°C 


Typ Max 
Supply Voltage (Veg) —5.72V -5.2V —4.68V 
Ambient Temperature (Ta) oc ge +75°C 





DC Electrical Characteristics 
Vee = —5.2V, Voc = Voca = GND, Ta = 0°C to +75°C (Notes 1, 2) 


Symbol 
Output HIGH Voltage 
Output LOW Voltage 
A 
T 


Conditions 


—100 Vin =VIH (Max) 


or Vit (Min) 


o 


— 187 
—185 
— 183 
—102 
—980 


Vin = VIH (Max) 
or VIL (Min) 


1 yt jd 
nfafa 
o/o 
3 /3,)3> . 
</|<|< 4 


R 


Loading with 
Vin = VIH (Min) 500 to —2.0V 
or VIL (Max) 


= Cc 
Output HIGH Voltage 
Output LOW Voltage 
A = +75°C 
Input LOW Voltage rf 
Input HIGH Current : 
Input LOW Current 


Vin = VIH (Min) 
or VIL (Max) 


T 
T 





3 
<|<|< 


—116 


; |i 
8/2 
Ola 
2 
=< 


Guaranteed HIGH Signal for All Inputs 
Guaranteed LOW Signal for All Inputs 


3 yr 


Vin = Vin (Max) 
Vin = VIL (Min) 
Inputs Open 


on 


= 
~~ 
o]n SIS|a]|o —) 
< 
3G 
3/3 /3 
<|<|/<)< 





Vee Supply Current 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these ‘‘worst case” values normally occur at the temperature extremes, 
additional noise immunity andguard banding can be achieved by decreasing the allowable system operating ranges. 





Note 2: The specified limits shown in. DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 
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DC Electrical Characteristics 
Vee = —4.68V, Voc = Voca = GND, Ta = 0°C to + 75°C (Notes 1, 2) 


Symbol Temp 
Output HIGH Voltage | Ta = 0°C 
Ta = +25°C 
Ta = +75°C 
Output LOW Voltage | Ta = 0°C 
Ta = +25°C 
Ta = +75°C | —1830 
Output HIGH Voltage | Ta = 0°C —1020 
Ta = +25°C | ~—980 
Ta = +75°C 
Ta = 0°C 
Ta = +25°C 
Ta = +75°C 


SZLOOL 


Conditions 


Vin = ViH (Max) 
or VIL (Min) 


— 187 


oO 


< 
no) 


R 
< 


Vin = ViH (Max) | ad 
or VIL (Min) 


R 
< 


Loading with 
Vin = ViH (Min) 50 to —2.0V 
Ot ViL (Max) >, 


<|<|/< 


|_| 1630 | <mvV 


0° VIL (Max) 


Output LOW Voltage 








| | 880 | mv_ | Guaranteed HIGH Signal for All Inputs 
-1810| | -1475 ‘Guaranteed LOW Signal for All Inputs 


290 Vin = Vin (Max) 


Input HIGH Voltage 
Input LOW Voltage 
Input HIGH Current 
Input LOW Current 


Vin = VIL (Min) 
Inputs Open 





125 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 2: The specified limits shown in the DC Characteristics can be met-only after thermal equilibrium has been established. Thermal equilibrium is established by 


Vee Supply Current 


applying power for at least 2 minutes while maintaining transverse air flaw of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 
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100175 


DC Electrical Characteristics 
Vee = —5.72V, Vcc = Voca = GND, Ta = 0°C to +75°C (Notes 1, 2) 


eto 
= 


0 mV 

mV 

mV 

mv 
mV 

mV 

mV 

mV 


Conditions 


Output HIGH Voltage | Ta=0°c | -1000] 
Ta= +750 | -900 | 
Output LOW Voltage | Ta =0°C . | —1870| | 
Ta= +260 | -1850| | -1650 
Ta= +750 | -1830| | —1625 
Output HIGH Voltage | Ta = 0°C |-1020/ | | 
moo cl kT 
ae rs 
ae 
ae 
Ld 
ee 
Ss 


Vin. = VIH (Max) 
or ViL (Min) 


| 
~ 
i) 
° 


aah! . < 


Vin = Vin (Max) 
or Vit (Min) 


Loading with 
502. to —2.0V 


Ta = +75°C 
Output LOW Voltage | Ta = 0°C 

Ta = +25°C 

Ta = +75°C 


mV» | Vin = Vin (Min) 


Fv _|,0°Vi ote 


“<mV_ | Guaranteed HIGH Signal for All Inputs 
/“| Guaranteed LOW Signal for All Inputs 


Input HIGH Voltage 
Input LOW Voltage 


Input HIGH Current | 290 | Vin = Vin (Max) 


Input LOW Current ee 1A_| Vin = Vit (Min) 


Vee Supply Current 


Inputs Open 


Note 1: The specified limits represent the “worst case” value for the parameter. Since these * worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 2: The specified limits shown in the DC Characteristics can be met fter thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse ait flow ‘meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in thé DO Operating itions and defined in Figure 4. 





AC Electrical Characteristics 
Vee = —5.2V +10%, Voc = Voca = GND 


Parameter = Conditions 


Propagation Delay 
Data to Output 


Propagation Delay 
Enable to Output 


Figures 1 & 2 
Figures 1&3 


Figures 1,3& 4 


Setup Time Do=D, 


Figures 1&5 
Hold Time Dg—Da_ 


Figures 1,2,3&4 





3-60 


PULSE 
GENERATOR 


SZLOOL 


PULSE 
GENERATOR 


Notes: 

Voc. Voca = +2V, Veg = —3.2V foe ed 
L1 and L2 = equal length 502 impedance lines aa TL/F/9870-4 
Rr = 502 terminator internal to scope 4 

Decoupling 0.1 yf from GND to Voc and Vee 

All unused outputs are loaded with 509 to GND 

C, = Fixture and stray capacitance < 3 pF 


FIGURE 1. AC Test Circuit 


TL/F/9870-5 


TL/F/9870-6 


FIGURE 3. Enable Propagation Delay @ Ta = + 25°C 
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100175 


0.7 + 0.14Nns 


FIGURE 5. Data Setup and Hold Time 
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TL/F/9870~7 


TL/F/9870-8 
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CA National Not Intended For New Designs 


Semiconductor 


100179 
Carry Lookahead Generator 


General Description 


The 100179 is a high-speed Carry Lookahead Generator 
intended for use with the 100180 6-bit fast Adder and the 
100181 4-bit ALU. All inputs have 50 kN pulldown resistors. 


Ordering Code: see Section 6 
Logic Symbol 


C. Carry Input (Active LOW) 


Po-P7 Carry Propogate Inputs (Active LOW) 
Go-G7 Carry Generate Inputs (Active LOW) 
Ch +2,Cn+4 


C6 Cie Carry Outputs 





TL/F/9871-3 


Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 


P7 G7 Cy Ver Pe Gg 


24 23 22 21 20 19 


7 8 9 10 11 12 


Oo an mom NO FF WH 


Chea Yeo nse 


Cuea Yoca nea 


—_— 
— OO 


TL/F/9871~2 


Nt 


TL/F/9871~1 
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100179 


Logic Diagram 


Co Pry «Pe 6s Pg Pg Bp 


Ue Uo 


Cn+8 


== 
== —— 3 
Sq] 
=| 
tt. 


Truth Tables 


Cn + 2 Output 


All other combinations 
Sy + 2 = Gye Py + Go) © (Py + Po + C,) 
H = HIGH Voltage Level 


L = LOW Voltage Level 
X = Don't Care 


wee | Xt xX XTX xix xitur x 
“oax{| x x?]x x?}be xtXx oe 
elx|]x x]ue x}x LIX tL 
A|xte x}x tyEX LIX oe 

PN ite WE TD, SN I eG a 


All other combinations 


Ca+4 = Gg e (Pz + Go) © (Pg + Po + Gy) © (Pg + Po + Py + Go) 
¢ (Pg + Po + Py + Py + C,) 


Cn+2 


TL/F/9871-5 





HI 
Dilrrerrer ly, 
> 





Truth Tables (Continueg) 
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Cnh+6 Output 


Inputs Output 


GP | eG | Gs | Gee | Gs Ps | Gn 


al 
3 


7 KK IKK OK XK 
<x mK |xK «KK XK 
<< Om lLK KK XK 
xx «KIO KK Xx 
eens aereee 





IGiIr-erer |r coer 


All other combinations 


Ch+6 = Gs e (Ps + Gy) © (Ps + Py + Gg) © (Ps + Py + Pg + Go) 
© (Ps + Py + Pg + Po + Gy) ¢ (Ps + Py + Pg + Po + Py + Go) 
e (Ps: + Py + Pg + Po + Py + Po + Cy) 


Ca +8 Output 


Inputs 


al 
3 


xx x - {Ol 
cere reer | 


— 


-—«—* «KKK LK KK Xx 

< «KK XK 
- KKK KKK x 
<x KK TH KKK KK 
- creo KK KKK x 
xxx xO |x x x Xx 
coco K KK KX 
xxx x x mx >< 
rreeeelxxxx 
Pere reer eS ee 
x «KKK KEK KO Xx 


X 
X 
X 
L 
X 


x x< mK x 
<x Kx KK MK 





IDIrerrereer lyr eee 


All other. combinations 


Cn+e = G7 (P7 + Ge) © (P7 + Pe + Gs) © (P7 + Pe + Ps + Ga) 
© (P7 + Pe + Ps + Py + Ga) © (P7 +: Po t:P5 + Py + Pg + Go) 
¢ (P7 + Pg + Ps + Py + P3 + Po +.G)) 
© (P7 + Pg + Ps + Py + Py + Bo + P, + G) 
e (P7 + Pg + P5 + Py + Pg + Bo + Py + Po + C,) 
HIGH Voltage Level 


H = 
L = LOW Voltage Level 
X = Don't Care 
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100179 





Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) fm» Vegto +0.5V 


storage Temp Pes ease ee Output Current(DC OutputHIGH) =~ —  «, —50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) A 4 ~5.7V to —4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) 


Voc | Output HIGH Vottage_| 1035 _| Vin = ViH (Min) | Loading with 


Mi Input HIGH Voltage 4165 —880 \é ., .| Guaranteed HIGH Signal 
for All Inputs 


~ Conditions (Note 4) 


/Nin’= Vin (Max) Loading with 
—orvViL (Min), 502 to + 2.0V 


lf 
< < 


for All Inputs 


Vin = Vit (Min) 


VIL Input LOW Voltage —1810 4475" Guaranteed LOW Signal 


he Input LOW Current | 0.50 | 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note 3) 


Symbol | Parameter | Min__ | Typ_| 

Vor [ oaipatricHveiags[— 1000 -870 7 Vin = Vin (max) | Loading with 
Vo.___| Output LowVoltage | 1810 | | / pL gato 
Vouc _|_OutputHiGH voltage | -1090 | Vin = VIH (Min) Loading with 
Vous a ah : Ee peace Bas 


Input HIGH Voltage ok Guaranteed HIGH Signal 
Lee. for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


"7 - Vin = VIL (Min) 


[ane Conditions (Note 4) 


DC Electrical Characteristics | - 
Vee = —4.8V, Voc = Voca = GND; "ea = 0G to + 85°C (Note 3) 


Symbol fin” | typ | Max | Conditions (Note 4) 

Vou Output HIGH Voltage { -1035 | = | —880 | Vin = Vin(Maxy | Loading with 
VoL OutputLow Voltage | -1830 | | —1620 | or VIL (Min) ie See 
VouHc Output HIGH Voltage | —1045 a Vin = VIH (Min) Loading with 
Voc Output LOW Voltage _ tof] 1610 or Vi (Max) pia 


VIH Input HIGH Voltage” Guaranteed HIGH Signal 
—880 
a for All Inputs 


Vi cope iat Low Voltage Guaranteed LOW Signal 
8 for All Inputs 


Note 1: Absolitte maximum ratings are those values beyond which the device may be damaged or me its useful life impaired. Functional operation under these 
conditions is not implied. 


Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these ‘‘worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 





Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “‘worst case” conditions. 
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DC Electrical Characteristics 
VeE = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, Tc = 0°C to + 85°C 


Input HIGH Current 
Cn, Go-G7 250 _ 
Po-P7 340 BA ~ Vin =, Vin (Max) 





Power Supply Curent | -220 | -150 | -100 | mA InputsOpen_ 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter Te = +85°C se Conditions 


Cr, Go-Gz, Po-P7 to Ch +5 Figures 1 and 2 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VeE = —4.2V to —4.8V, Vcc = Voca = GND 


Parameter Te = 405% ac Conditions 


Propagation Delay 
Cp, Go-Gz, Po-P7 to Cn +x 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 
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6ZLO01 





100179 


PULSE 24 23 22 21 20 LA 


GENERATOR 
17 


16 


15 
14 


13 
7 8 9 10 11 12 


FIGURE 1. AC Test Circuit. 
Notes: : ; 
Voc, Voca = +2V, Vee = —2.5V 
L1 and L2 = equal length 509 impedance fines 
Rr = 502 terminator internal to scope 
Decoupling 0.1 yw F from GND to Voc and Vee 
All unused outputs are loaded with 502. to GND 
C,, = Fixture and stray capacitance < 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbo! 


0.7+0.1 =) 


OUTPUT. 





FIGURE 2. Propagation Delay and Transition Times 
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TL/F/9871-6 


TL/F/9871-6 





Applications 


Fast Adder and Carry Lookahead 


Ca+a 
ui 7 71 


Ch +4 fa Ge Cn+2 
F100179 
Go 1 


Py G, Cn+4 P3 G3 P2 Ge Cn+2 Py G1 Po o. 
F100179 Cn 


TL/F/9871-8 


24-Bit Adder Using One Carry Lookahead 


Cn+8 Pr G7 Pe GoCane Ps Gg .Pq GaCnzqg P3 G3 Pe G2 Cn+2 Py Gi Po co. 


F100179 


TL/F/9871-9 
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621-001 





100180 


OY National Not Intended For New Designs 


Semiconductor 


100180 
High-Speed 6-Bit Adder 


General Description 
The 100180 is a high-speed 6-bit adder capable of perform- _tive-LOW Carry Propagate. When used with the 100179 Full 
ing a full 6-bit addition of two operands. Inputs for the adder Carry Lookahead as a second order lookahead block, the 
are active-LOW Carry, Operand A, and Operand B; outputs = 100180 provides high-speed addition of very long words. All 


are Function, active-LOW Carry Generate, and ac- inputs have 50 kN pull-down resistors. 





Ordering Code: see Section é 
Logic Symbol 


PinNames’ | é. Description 
Ag Bo Ai By Az Bo Ag Bz Ag Ba As Bs oe 
‘Operand A Inputs 


Ch Operand B Inputs 

41 O Carry Input (Active LOW) 

Gy Fe Forks: Facka Fa Fe é Prol £}, Carry Generate Output (Active LOW) 

9 ? “Pe "Carry Propagate Output (Active LOW) 
; Function Outputs 





TL/F/9872-3 


Connection Diagrams 


24-Pin DIP 24-Pin Quad Cerpak 
Az Bo Cy Ver As Bs 


24 23 22 21 20 19 


7 8 9 10 11 12 


Fo Fs VocVecaFa Fs 
TL/F/9872-2 


TL/F/9872-1 
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Logic Diagram 


O8l00L 


Ca Bo AoBy Ay Be Ag 


i 


el Oe 


TL/F/9872-5 


Logic Equations 

P; = Aj ® B; 

Gj = Aj B; 

i= 0,1,2,3,4,5 

Fo = Pop @ Cy 

Fy = Py © (Go + Po Cp) 

Fo = Po @ (Gy + PyGg + PyPoC,) 

F3 = Pg ® (Go + PoG; + PoP1Go + PoPyPoCp) : : 
F4 = Pg ® (Gg + PgGo + PgPoGy + PgP2P1Go + P3PoP;PoCr) - 
Fs = Ps ® (Gq + P4gGg + PgP3Go + Parse + P4PgPaP1Go + P4P3P2P4Po9C,) 
P = PoP PaPSPAPS 


G= Gs + P5Gq + P5P4Gg + ere o+ PsP4PgPaG; 1 $ + PSP{PsP PG 





3-71 


100180 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vek Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to + 0.5V 
Storage Femperatite —65°C to + 150°C Output Current (DC Output HIGH) 

Maximum Junction Temperature (7, mn) + 150°C Operating Range (Note 2) 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vouc | OutputHicHvottage | -1035 {| | | ay | Vin = Vinoiny | Loading with 


Vin Input HIGH Voltage ~1465 _880 é : . yy Guaranteed HIGH Signal 
dee - > for All Inputs - 


Input LOW Voltage Sane Guaranteed LOW Signal 
for All Inputs 


ht Input ow Curent | 050 | | | A | Viv = Vina 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, To = 0°C to + 85°C (Note. 3) 


Symbol_| Parameter |_ Min. | Typ_| Max. | Unit Conditions (Note 4) 

Von | OutputHIGHVottage_| -1020 [| 17 Vin = Vin (Max) | Loading with 
Vou | ee denials 
Voxc Vin = Vin (airy | Loading with 
Voic ? or VIL (Max) 500 to —2.0V 


ViH or Guaranteed HIGH Signal 
for All Inputs 
—1475 mV Guaranteed LOW Signal 
for All Inputs 
PAY Viv = Vie ty 


DC Electrical Characteristics | 
Vee = —4.8V, Voc = Voca = GND Te to + 85°C (Note 3) 


Output HIGH Voltage | -1035 {| = | 880 | mV Vin = VIH (Max) Loading with 
Output LOW Volta | —1830 | [| —1620 | or ViL (Min) 5029. to —2.0V 
Output HIGH Voltag | -to5 | | fav Vin = Vin (Min) Loading with 
Output LOW Voltage P= t810 | or VIL (Max) 500 to —2.0V 


So - a Guaranteed HIGH Signal 
“Input LOW Voltage 1850 —1490 mV Guaranteed LOW Signal 
for All Inputs 


input LOW Current pA Viv = Vie in 


Note 1: Absolute maxi .Fatings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is fet im 





Note 2: Parame' lues specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Voc = Voca = GND, To = 0°C to +85°C 


081001 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter To = +85°C 


110 4.70 
$00 3.30 
40° -90 


Propagation Delay 
An Br to P 


Propagation Delay 
An Bn to Fr 


Figures 7 and 2 





=oc 

i iis to 460 
: = ee | 1909300 | 
Propagation Delay at 
Ags Bn to S 1.40 3.90 0 
Propagation Delay 

T, to Fp, 1.10 4.00 


= Cc 
1.10 4.60 
1.00 3.00 
1.40 3.80. 
Transition Time 
20% to 80%, 80% to 20% a rig 


j 04s 2c | iki Baki 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Parameter - —- Conditions 


Propagation Delay 
An: Bn to Fr 


Propagation Delay 
An: Bn to P 


Propagation Delay 
An, Bn to G 


Propagation Delay ‘ 
Cy to Fy 


Figures 1 and 2 


Transition Time 
20% to 80%; 80% to 20% 
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100180 


PULSE 
GENERATOR 


OUTPUT 


Notes: 

Voc, Veca = +2V, Vee = —2.6V = 
L1 and L2 = equal length 500 impedance lines 

Rr = 500 terminator internal to scope — : 

Decoupling 0.1 »F from GND to Voc and Veg 

All unused outputs are loaded with 502 to GND 

C, = Fixture and stray capacitance < 3 pF : 

Pin numbers shown are for flatpak; for DIP see logic symbol 


24 23 22 21 20 19 
18 


17 
16 
15 
14 


13 
7 8 9 10 11 12 
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: IGURE 2 Propagation Delay and Transition Times 





TL/F/9872-7 


TL/F/9872-6 





ZA National 


Semiconductor 


100181 


Not Intended For New Designs 


4-Bit Binary/BCD Arithmetic Logic Unit 


General Description 


The 100181 performs eight logic operations and eight arith- 
metic operations on a pair of 4-bit words. The operating 
mode is determined by signals applied to the Select (S,) 
inputs, as shown in the Function Select table. In addition to 
performing binary arithmetic, the circuit contains the neces- 
sary correction logic to perform BCD addition and subtrac- 
tion. Output latches are provided to reduce overall package 
count and increase system operating speed. When the 
latches are not required, leaving the Enable (E) input LOW 
makes the latches transparent. 


Ordering Code: see Section 6 
Logic Symbol 


The circuit uses internal lookahead carry to minimize delay 
to the F, outputs and to the ripple Carry output, Cp4 4. 
Group Carry Lookahead Propagate (P) and Generate (G) 
outputs are also provided, which.are independent of the 
Carry input C,. The P output goes LOW when a plus opera- 
tion produces fifteen (nine for BCD) or when a minus opera- 
tion produces zero. Similarly, G goes LOW when the sum of 
A and B is greater than fifteen (nine for BCD) in a plus 
mode, or when their.difference is greater than zero in a 
minus mode. All inputs have 50 kQ. pull-down resistors. 


Description 


Cy Ao Bo Ay By Az Bz A3 B3 
Che 


TL/F/9873~4° 


Connection Diagrams 


-24-Pin DIP. 


oon DO OH mm WON 


TL/F/9873-1 


Word A Operand Inputs 

Word B Operand Inputs 

Carry Input (Active LOW) 

Function Select Inputs 

Latch Enable Input (Active LOW) 
Carry Lookahead Propagate Output 
(Active LOW) 

Carry Lookahead Generate Output 
(Active LOW) 

Carry Output 

Function Outputs 





24-Pin Quad Cerpak 
S3 Sp E Veg Sy Sq 


24 23 22 21 20 19 


7 8 9 10 11 12 





Fo Fs VocVecaCne4P 
TL/F/9873-2 
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100181 


Logic Diagram 
T, 


E So 


P3 
P2 
Py 


P 
Po 


Si S283 


Go 


y 


P Cn+a 


Block Diagram 


5253 v 


Fo 


FUNCTION | 


DECODE 


TL/F/9873-5 


TL/F/9873-6 








Functional Description 


There are two modes of operation: Arithmetic and Logic. 
The Sg input controls these two modes: 


S3 = LOW for Arithmetic mode 
S3 = HIGH for Logic mode 


The arithmetic mode includes decimal and binary arithmetic 
operations. So is the control input: with Sg = LOW, 


S2 = LOW for Decimal Arithmetic (BCD) 
So = HIGH for Binary Arithmetic 


DECIMAL ARITHMETIC OPERATION 
Addition 


F = A plus B plus C,. Arguments A and B are directly ap- 
plied to the inputs. The circuit automatically performs the 
“+6” and “—6” logic correction internally. 


Subtraction 


F = A minus B plus C,. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
nines complement of B and adds “+6”. A “—6” adjust- 
ment is made if the subtraction algorithm calls for it. If there 
is a carry out, the result is a positive number. With no carry 
out, the result is a negative number expressed in its nines 
complement form. Therefore, to perform a subtraction with 


Function Table 


Fy, = Aplus B plus C, (BCD) 

Fy, = Aminus B plus Cy, (BCD) 
F, = B minus A plus C, (BCD) 
F, = O minus B plus Cp, (BCD) 


Fy, = Aplus B plus C, (Binary) - 
Fx, = Aminus B plus C, (Binary) 
Fy = B minus A plus Cy (Binary) 
F, = 0 minus B plus Cy (Binary) 
Fy = AnBn +.AnBp 
Fy = An tBn > 


DET oJrerrryLTILTTicrerere 
Dorr l[ewrererl|rrmrrrjzrire 
JRrDMerjrrrzprljrrwr|jrerir 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


H = HIGH Voltage Level - 
L = LOW Voltage Level: 


P = Po + Py + Po + Pg a 
G = G3 + P3Go + P3P2Gy + P3P2P1Go 
Ch+4 = Ge (P.+ Cy) ; 
Arithmetic Operations 

Fr =Gpt P,@C i=0to3 

Logic Operations coy 

Fr = Ga +P, ee 
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results in the tens complement form, an initial carry should 
be forced into the lowest order bit, i.e., set C, = LOW. 


(tens complement of B) = (nines complement of B) + 1 


F = B minus A plus C,,. Operation is similar to and results 
are the same as F = A minus B plus Cp. 


BINARY ARITHMETIC OPERATION 
Addition 


F = A minus B plus Cp. Arguments A and 8B are directly 
applied to the inputs. 


Subtraction 


F = A minus B plus Cp,. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
ones complement of B (by inverting B internally). If there is a 
carry out the result is a positive number. With no carry out, 
the result is a negative number expressed in its ones com- 
plement form: Therefore, to perform a subtraction with re- 
sults in the:twos complement form, an initial carry should 
forced into the lowest order bit, i.e., set C, = LOW. 


(twos complement of B) = (ones complement of B) + 1 


F = B minus A plus Cy. Operation is similar and results are 
the same as F = A minus B plus Cp. 


LI aI OI 





Internal Equations for Carry Lookahead 

(i = 0, 1, 2, 3) 

Co = Ch + Sz 

Cy = Go + PoC, + Sg 

Co = Gy + PyGo + PyPoCn + Sg 

C3 = Go + PoGy + PoP1Go + PoP PoC, + S3 


Internal Equations for +6 Logic 

Do = Bo 

D; = By 

Do = ByBo + ByBo 

D3 = By + Bo + Bg 

Gx = GgP3 + P3G2 + P3P2G1 + P3P2P1Go 


- UU U| rm UU Ul} Ul Ul Ol Ul} Ol UO! Ul] Vl 
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100181 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 






If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to + 0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) > Veg to +0.5V 
Stated demperenne Be adi Output Current (DC Output HIGH) .. ~50mA 
Maximum Junction Temperature (Ty) + 150°C Operating Range (Note 2) 7V to =4.2V 


DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


VoH Output HIGH Voltage | —1025 a ey Ain =Vin(Max | Loading with 





VoL Output LOW Voltage —1810 —1705 —1620 VIL (Min) Sones 20 
VoHc Output HIGH Voltage — 1035 
Votc Output LOW Voltage 


Vin Input HIGH Voltage 1165 


Vin = Vin (Min) Loading with 


| | =t610 | or VIL (Max) ~ 502. to —2.0V 


_gso |< mv ..{ Guaranteed HIGH Signal 
— é 4 for All Inputs 











Vit Input LOW Voltage ~1810 rs . Guranteed LOW Signal 
— “for All Inputs 
I InputLow Current | 050 | | | Viv = Vie mi 





DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note. 3) 


Symbol | Parameter | Min | Typ _| 
VoH Output HIGH Voltage | -1020 | 
VoL Output LOW Voltage —1810 














Max. 


| Units | Conditions (Note 4) 


Vin = Vir (Max) Loading with 
or VIL (Min) 502 to —2.0V 


VoHC Output HIGH Voltage —1030 : Vin = VIH (Min) Loading with 
Votc Output LOW Voltage | Or VIL (Max) 50 to —2.0V 
Vin Input HIGH Voltage er 50" A Guaranteed HIGH Signal 
: for All Inputs 
ViL Input LOW Voltage i; Guaranteed LOW Signal 
sais for All Inputs 


ie Input LOW Current < |.»-.0.50 


' PA | = Viv enti 


DC Electrical Characteristics | 
Vee = —4.8V, Voc = Voca = GND; Tc = 0°C to + 85°C (Note 3) 


Vou OutputLOw Voltage »| -1890 | | -1620 | Fan esas 
VoHC Output HIGH Voltage __ p-is [ot mV sonto20 
Vouc Output LOWVoltage | | | 1610 huey splaeiae 


= = Guaranteed HIGH Signal 
~41490 mV Guaranteed LOW Signal 
for All Inputs 


n Input LOW Current pA Viv = Viv tin 


Note 1: Absolute: maximtir ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
Conditions is not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
















VIH Input HIGH Voltage © 








Vit ] input LOW Voltage 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Vcca = GND, Tc = 0°C to +85°C 


L8LOOL 


Conditions 


Input HIGH Current 


S,,E 
Al Others Vin = VIH (Max) 





Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VeE = ~4.2V to —4.8V, Voc = Voca = GND 


Symbol Parameter Te = = +25°C 


Conditions 


tPLH Propagation Delay 
tPHL An; Bp to Fn 
tpLH Propagation CL Delay 


tPHL An; Bn to P, G Figures 1 and 2 


tPLH Propagation Delay 

tPHL An: Bn to Cn+4 

tpLH Propagation Delay Perse 
'PHL CntoFn Figures 1 and 2 
tpLH Propagation Delay cei 


tPHL Cp toCn+4 

tPLH Propagation Delay 
tPHL Sp toFn 

tPLH Propagation Delay 
tPHL Sy to P, G 


tPLH Propagation Delay 40.10 
tpHL Sp toCn+4 


tPLH Propagation Delay 
tPHL EtoF, 


tTLH Transition Time 26 
tTHL 20% to 80%, 80% to 20% 


Setup Time 


Figures 1 and 2 


Figures 7 and 2 


poets 
0 Figures 1 and 2 
8.10 


9.60 


230 Figure 3 


0.10 
0.60 
0.60 


tow) Pulse Wiat Low [am | 20 bas 





Figure 2 
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100181 


Symbol 


tPLH 
tPHL 


teLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tpLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tPLH 
tPHL 


tTLH 
tTHL 


ts 


Parameter 


Propagation Delay 
An, Bn to Fy 


Propagation Delay 
An, Bn to P, G 


Propagation Delay 
An, Bn toCn+4 


Propagation Delay 
Cy to Fy 


Propagation Delay 
Cyto Ch+4 


Propagation Delay 
S, to Fy, 


Propagation Delay 
S, to P,G 


Sai Delay 
Eto F, 


Transition Time 
20% to 80%, 80% to 20% 


Setup Time 


Hold Time 
An Bn 


Pulse Width LOW 
E 
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Conditions 





1S é " Figures 1 and 2 





Figures 1 and 2 


Figures 1 and 2 


Figures 1 and 2 


Figures 1 and 2 


Figure 3 


Figure 2 





L8LOOL 


PULSE 
GENERATOR Notes: 
Veo. Voca = +2V, Vee = —2.5V 
L1 and L2 = equal length 500 impedance lines .* 
Ry = 502 terminator internal to scope : 
Decoupling 0.1 »F from GND to Voc and Vee 
17 All unused outputs are loaded with 502 to GND 


16 C, = Fixture and stray capacitance < 3 pF 


24 23 22 21 20 bis 
8 


3 


15 Pin numbers shown are for flatpak; for DIP see logic symbol ? 


14 


TL/F/9873-7 
FIGURE 1. AC Test Circuit 


oo S 0.7 +0.1 ns 

/ 
DATA, SELECT as 
LY ep 


ENABLE TRANSPARENT ce TRANSPARENT 


tPHL 4 if a tPHL 
tPLH a oe tPLH 


é Cee 80% 
OUTPUT —— ae 50% 
<a dos : sti 


1 oe ae ie ne oe ot es 


tri, ttLH 





TL/F/9873-8 
FIGURE 2. Enable Timing 


“DATA, SELECT 








se peel 





ENABLE 50% 


TL/F/9873-9 
FIGURE 3. Setup and Hold Times 
Notes: 
t, is the minimum time before the transition of the enable that information must be present at the data input. 
tp is the minimum time after the transition of the enable that information must remain unchanged at the data input. 
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100182 


ZA National 


Semiconductor 


100182 
9-Bit Wallace Tree Adder 


General Description 

The 100182 is a 9-bit Wallace tree adder. It is designed to 
assist in performing high-speed hardware multiplication. The 
device is designed to add 9 bits of data 1-bit-slice wide and 
handle the carry-ins from the previous slices. The 100182 is 
easily expanded and still maintains four levels of delay re- 
gardless of input string length. In conjunction with the 


Ordering Code: see section6é 
Logic Symbol 


Do Dy D2 D3 Da Ds Deg D7 Da 
n-2 


cl 
3 Cons2 CO1CO2CO3PS PC 


{ TLF/9874-3 


Connection Diagrams 


24-PinDIP® 


TL/F/9874-1 


Not Intended For New Designs 


100183 Recode Multiplier, the:100179 Carry Lookahead, 
and the 100180 High-speed Adder, the 100182 assists in 
performing parallel multiplication of two signed numbers to 
produce a signed twos complement product. See 100183 
data sheet for additional. information All inputs have 50 kN. 
pull-down resistors. : 





| PinNames | _—__Description | 


Do-Dg 


en Data Inputs 
Cly-Clg, Cla 2 


Carry Inputs 

Carry Outputs 
Partial Sum Output 
Partial Carry Output 


24-Pin Quad Cerpak 
NC NC Ds Vep Dg D7 


24 23 22 21 20 19 


7 8 9 10 11 12 


COs C04 Voc Veca C0, PC 
TL/F/9874-2 
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Logic Diagram Adder Logic Diagram 


c8LOOL 


DATA INPUTS 
0; Dz D3 


TL/F/9874-6 


~~” Adder Truth Table 
CARRY i . 
OUTPUTS INPUTS 





PC PS & 
PARTIAL PARTIAL’ 
CARRY SUM 


TL/F/9874-5 


Seni 
ee ae Sa 
Lr eae Lo Lr 
Itrerrteeere 
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100182 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


if Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) Veg to +0.5V 


slbrage Temperature “ERGO F 180'C Output Current (DC Output HIGH) “= 50mA 
Maximum Junction Temperature (Ty) +150°C Operating Range (Note 2) ~5.7V to -4.2V 


DC Electrical Characteristics 

Vee = —4.5V, Voc = Voca = GND, Tc = 0°C to + 85°C (Note 3) ¢ ee 
Symbol Parameter [| min | Typ | Max | Units | ~~ Conditions (Note 4) 

Vou Output HIGH Voltage | —1025 | -955 | -se0 | _, [“Vin=Vin(man | Loading with 
VoL Output LOW Voltage | —1810 | —1705 | —1620 OFM IL (Min). 50810 —2.0V 
VoHc Output HIGH Voltage | -1095 | Ss | |], | Vin = Vinitiny” | Loading with 
Votc Output LOW Voltage ae ree —1610 abe or Vi_ (Max) - 502 to —2.0V 


Vin Input HIGH Voltage —1165 hee e | Guaranteed HIGH Signal 
é for All Inputs 


Input LOW Voltage Ww Guaranteed LOW Signal 
ae ‘for All Inputs 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol! | Parameter =| Min’ | Typ | Max. Conditions (Note 4) 

Von __| _OutputHIGHVottage | -1020 | 4 Vin = ViH (Max) | Loading with 
Vou a é ewe ee 
VoHc V Vin = ViH (Min) Loading with 
Vac 7 or ViL (Max) 502 to —2.0V 


Vi Input HIGH Voltage YN Guaranteed HIGH Signal 
2 for All inputs 

ViL Input LOW Voltage 1810 ; artes LOW Signal 
enttitoen, or nputs 


Mie InputLow Curent <| 050. | | | A | Vin= Vivi 


DC Electrical Characteristics 


Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


symbol | Parameter | “Min” | typ | Max | Units _| Conditions (Note 4) 
OutputHIGH Voltage | -1095 | | -880 | ny Vin = Vivien | Loading with 
Vou Output LOW Voltage =| —-1830 | | —1620 or VL (Min) le 
VoHc OutputHIGH Voltage | -1o45 | | | | Vin = Vinci) | Loadingwith 
Voie OutputLOwVoltage | ss | —s | —1610 or Vit (Max) ponte = 2.0¥ 


ViH Input HIGH Voltage” —880 enV Guaranteed HIGH Signal 
for All Inputs 


Vil | Input LOW Voltage ~ 4490 a Guaranteed LOW Signal 
A Sek for All Inputs 


Note 1: Absolute maximim 
conditions is‘not implied. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Note 3: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 











atings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 





Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 
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DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, To = 0°C to +85°C 


| Parameter | min | Typ | Max__| units | Conditions 


Input HIGH Current te 
Cly—-Clg3, Clh—o es 
D,, D3, D4, Ds, Dg, Dg BA Vin = Vin (Max) 


c8L00l 


a mae 
Power Supply Current | —260 | -180 | -125 | mA__| inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
Da to COn + 2 





Propagation Delay 


Propagation Delay EE eee : 

Dp to COa LO as and 2 
Propagation Delay 
Propagation Delay 


Dry to PS, PC 


Propagation Delay 
Cly—2, Cly to COs 


Propagation Delay 
Cly—2, Cly to PS, PC 


Figures 1 and 2 


Propagation Delay 
Clg, Cla to PS, PC 


Transition Time 


: Figures 1 and 
20% to 80%, 80% to 20% BUEet BONS 
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100182 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay 
Dn to COn +2 


Propagation Delay 


Propagation Delay & ng 
.2 : : 2 
Dy, to CO é oa Figures 1 and 


Propagation Delay 


Propagation Delay 
Dy, to PS, PC 
Propagation Delay 
Cln—2, Cly to COo 
Propagation Delay 
Cln—2, Cly to PS, PC 
Propagation Delay 
Clg, Clo to PS, PC 


Transition Time 
20% to 80%, 80% to 20% 


Figures 1 and 2 


Figures 1 and 2 
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PULSE 
GENERATOR 








Notes: 

Voc. Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 50N impedance lines 
Ry = 502 terminator internal to scope .._ 
Decoupling 0.1 nF from GND to Voc and. Vee 

All unused outputs are loaded with 602 to GND. 
C, = Fixture and stray capacitance < 3 pF 


24 23 22 21:20 19 Pin numbers shown are for flatpak; for DIP sea logic - 
18 symbol oe, 
17 


16 
15 
14 
13 


281001 


Voc 
TL/F/9874-7 





FIGURE 1. AC Test Circuit 


0.7 20.1ns 


INPUT 


ten? 
NON.INVERTING 


OUTPUT 


INVERTING: 





e trun 
- ay TL/F/9874-8 
FIGURE 2. Propagation Delay and Transition Times 
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100182 


Application 


Typical Horizontal Interconnection of 9-Bit Wallace Tree Adders F100182 


Do D1 D2 D3 D4 Ds Dg D7 Dg 


co, 


CO, 
C02 


F100182 


Ch 


Dn-o 
Dn-1 
Dn-2 
Dn-3 


Dn-6 
Dn-7 
Dn-s 


Do D1 D2 D304 Ds Dg D7 Dg 
Cl 


On~-10 
Da-11 
Dn-12 
Dn-13 
Dn-14 
Dn-15 
Dn-16 
Dn-17 
Dn-18 


DoD; D2D3 Dg D5 Dg D7 Dg 
co, go Ch 
Fiodia2 C2 


Dn-20 


Dn-2a10 
Dn-22. 
Dn 29° 
Dn-24 >. 


Dn-25 


Dn-26 > 


Dn-27 
Dn-28 


Cis t- 


Cln-2 
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TL/F/9874-9 





Application (continued) 


e8L001 


16-Bit Vertical Expansion of Wallace Tree Adders 


MSB LSB 

















Do Dy; 02 Dg D4 Ds Dg O07 Da 
ore} ease ch, 
Cl 
Cl3 


Op Dy D2 D3 Og Ds Dg O7 Da 
co, Clr 


Dp Di Dz D3 Dg Og Deg D7 Og 
Ch 

















F100182 F100182.: 





PS 



















Do 0; Dz D3 Dg Ds Dg Dy Dg Do Dr 02:03 DyDs Dg 07 Dz Dp Dy Dz D3 Dy Ds Dg Dy Dg 
























co, Ch co; : Ch CO; Ch 
0: ci Cc Cl. 
ss F100182 i F100182 : G2 F100182 . 
C03 Cl C03 Cls CO3 Cly 
COn+2 Clao2 COn+2 Clh-2 
PC 4 ? 5 PC PS : 
PS, PS, PSo 
PC2 PC; PCy 


TL/F/9874-10 








100183 


ZA National 


Semiconductor 


100183 
2 x 8-Bit Recode Multiplier 


General Description 


The 100183 is a 2 x 8-bit recode multiplier designed to per- 
form high-speed hardware multiplication. In conjunction with 
the 100182 Wallace Tree Adder, the 100179 Carry Look- 
ahead, and the 100180 High-speed Adder, the 


Ordering Code: see Sections 
Logic Symbol 


Bg B7 Be Bs Ba Bz Bo By Bo 
A2 
Ay 


Ao 
Fe F7 Fe Fs Fa Fg Fo Fi Fo 


TL/F/9875-3 
Connection Diagrams 


24-Pin DIP 


TL/F/9875-1 


Not Intended For New Designs 





100183 performs parallel multiplication of two signed num- 
bers in twos complement form to produce a signed twos 
complement product. All inputs.have 50 kf pull-down resis- 
tors. a 


eae Multiplier (Recode) Inputs 
Multiplicand Inputs 
Partial Product Outputs 
Sign Extension Output 


24-Pin Quad Cerpak 
Ap Ay Az Veg By Bs 


24 23 22 21 20 19 


7 8 9 10 11 12 


Fo Fs Voc YecaFa Fs5 


TL/F/9875-2 





Logic Diagram 


AC 
gekee= 
oot A 
ayaa (ree ia 
1] =m 


Se innit 


i 
CGOy SPF 8s 


TL/F/9875-5 


Truth Table: — | 
Inputs sd Outputs 
Ai 


> 
Nv 

> 
ra) 

mi 
a 


| CO + 


ba eo Ce ee OG pe pe ea 
Drees 


HIGH Voltage Level 


H = 
L = LOW Voltage Level 
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100183 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 


DC Electrical Characteristics 


Vee = —4.5V, Voc = Veca = GND, To = 0°C to +85°C (Note 3) 


VoL 
VoHC 


VoLc 
VIH 


ViL Input LOW Voltage = 


lie Input LOW Current 


DC Electrical Characteristics 


Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note. 3) 


Symbol 
Vou 
VoL 
Vouc 


Vin Input HIGH Voltage 
Input LOW Voltage 


Input LOW Current 


DC Electrical Characteristics 


Vee = —4.8V, Voc = Voca = GND, Te = 0°C 
Output HIGH Voltage 
Output LOW Voltage > 
Output HIGH Voitage | 
Output LOW Voltage © 
Input HIGH Voltage ~ 


Input LOW Voltage 





Note 2: Parametric values specified at —4.2V to —4.8V. 


“Max. Conditions (Note 4) 





0°C to + 85°C 
—7.0V to +0.5V 
“s Veg to +0.5V 
&s, —50mA 
6.7V to -4.2V 


Case Temperature under Bias (Tc) 
Vee Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 
Operating Range (Note 2) 





 ~ Conditions (Note 4) 


Loading with 


é Vin = IH (Max) 
502 to —2.0V 


. or Vit (Min) : 


Loading with 


Vin = Vin (Min) 
502 to —2.0V 


or VIL (Max) ~ 

Guaranteed HIGH Signal 

for All Inputs 

Guaranteed LOW Signal 
éfor All Inputs 


Vin = Vit (win) 


Loading with 
502 to —2.0V 


Vin = VIH (Max) 
or VIL (Min) 


Loading with 
509 to —2.0V 


Vin = Vin (Min) 
or Vit (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Conditions (Note 4) 


Loading with 
500 to —2.0V 


Vin = ViH (Max) 
or ViL (Min) 


Loading with 
502 to —2.0V 


Vin = VIH (Min) 
or VIL (Max) 


Guaranteed HIGH Signal 
for All Inputs 


Guaranteed LOW Signal 
for All Inputs 


Vin = VIL (Min) 


Note 3: The specified limits represent the ‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under “worst case” conditions. 





DC Electrical Characteristics 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


Input HIGH Current 

Bo-Bg ? 

Ao A ; 

ms Vin = Vin (Max) 


rower Spay Cure Sra ee __lnputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 


£81001 


Vee = —4.2V to —4.8V, Voc = Voca = GND 


Propagation Delay ee | 

Ao-A2 to Fo-F7 ae _ . 
Propagation Delay a £2 
Ao-A2 to Fg ua ae 
Propagation Delay NE y, 
Bo-Bg to Fo-F7 oa ion 
Propagation Delay 

Bg to Fg 

Transition Time SS 2 ' 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = = oe me 


Propagation Delay 70 Se ces ies 

one ret LS - : Figures 1 and 2 
PropagationDelay ~ | a. 

Ao-A2 to Fg is 


Propagation Delay 


Figures 1 and 2 





Figures 1 and 2 


Bo-Bg to Fo—F7 


Propagation Delay 
Bg toFg £0 em 


Figures 7 and 2 


Transition Time: Figures 1 and 2 


20% to 80%; 80% to 20% 
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100183 


PULSE 
GENERATOR 24 23 22 21 20 a 


17 
16 


Ar 


Notes: 

Voc: Voca = +2V, Veg = —2.5V 

L1 and L2 = equal length 5029 impedance lines 

Rr = 5002 terminator internal to scope 

Decoupling 0.1 pF from GND to Voc and Vee 

All unused outputs are loaded with 502 to GND 

C. = Fixture and stray capacitance < 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 


FIGURE 1.AC Test Circuit 





Veco > 
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TL/F/9875-6 





INPUT 


tpHL— 
NON-INVERTING 


OUTPUT tPpLH — 





INVERTING 





{TLH ae 





+1.05 V 
+0.31V 
_ anes 
50% 
ne t— teH 


le ITHL 


TL/F/9875-7 


FIGURE 2. Propagation Delay and Transition Times 


Application 

100183 is a 2 x 8-bit recode multiplier that performs parallel 
multiplication using twos complement arithmetic. In multiply- 
ing, the multiplier is partitioned into recode groups, then 
each recode group operates on the multiplicand to provide 
a partial product at the same time. The 100183, 2 x 8-bit 
recode multiplier provides partial products in 3.6 ns. 


The 100182, 9-Bit Wallace Tree Adder combines the partial 


products to obtain the partial sum and partial carries in an. 


additional 10.7 ns. Then the Carry Lookahead generator 
and 6-bit adder combine the results of a 16 x 16-bit multiply 


for a total of 24.3 ns..The propagation delays and package 
count for implementing various size multipliers are listed in 
Tables | and Il. 


Multiplication of twos complement binary numbers is ac- 
complished by first obtaining all the partial products. Then 
the weighted partial products are added together to yield 
the final result. In the Wallace Tree method of multiplication 
the sign bit is treated the same as the rest of the bits to 
obtain a signed result. 


TABLE I. Propagation Delay Summation* 


Wallace 
Tree Adder 
100182 


Recode 
Multiplier 
100183 


“Worst case, Flatpak 


High-speed 
Adder 
100180 
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Carry 
Lookahead 
100179 


Total (Max) 
Delay 





€81001 





100183 





Application (Continued) 
TABLE Ii. Package Count 


100102 
100117 


100183 100182 100180 


For a quick review of the twos complement number format 
see Table Ill. Note that subtraction is accomplished by add- 
ing the negative number. An example of changing from a 
positive number to a negative number is shown. 


1011 negative number-5 


Sign 
Bit 








0100 bits inverted 
+0001 addone 
0101 Results 5 
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92 





100179 





Magnitude 
21 


COn- 200A 200A BOO ea 








TABLE Ml. Twos Complement Format 





Decimal 
20 Number 


open o+- 0 +0 02023004 


Multiplication Algorithm 

In the multiplication algorithm used, the multiplier (Y, . . . Yo) 
is partitioned into recode groups and each recode group 
operates on the multiplicand (Xj . . . Xo) as in Figure 4. The 
100183, 2 x 8-bit recode multiplier partitions the multiplier 
(Xp... X) into groups of eight and the multiplicand (Y,... 
Yo) into groups of two. Each recode group is two bits wide 
but requires three bits to determine the partial products. Ta- 
ble IV lists the significance of the various recode groups. 
The partial product is +0, + multiplicand, or + two times the 
multiplicand. A forced zero is required to establish the least 
significant bit of the first recode group. By connecting re- 
code multipliers in parallel the partial products are available 
at the same time. The weighted partial products (Ap .. . Ao, 
Bn... Bo)... are added together using 100182, 9-bit Wal- 
lace Tree Adders. The results of the partial sum and partial 


TABLE IV. Recode Product 


RECeHe Partial Product 
Value 


Add zero 

Add multiplicand 
Add multiplicand 
Add twice the 
multiplicand 
Subtract twice the 
multiplicand 
Subtract the 
multiplicand 
Subtract the 
multiplicand 
Subtract zero- 


Recode Group 
Yi+1 Yi Yi-4 


Sign Bit 


Multiplicand ——___—__» 
Multiplier —————> 


Recode Groups ——-—> 


First Product Only ——————> .1 


X15. X14X%13. X12 X11 X10 X9 Xe X7 Xe X5 Xa XB X2 X1 Xo 
Yis Y14_Y13 Yi2 Yi1 Yio Yo Ye Y7 Ye Ys Ya Y3 Y2 Yi Yo g 


carry are combined together using Carry Lookahead gener- 
ators and 6-bit adders. An example of using recode multipli- 
cation is shown in Figure 3: multiplier (11749) 01110101 
times multiplicand (10549) 01101001. The first recode group 
010 requires adding the multiplicand; the second recode 
group 010 also requires adding the multiplicand; the third 
group 110 requires subtracting the multiplicand (the same 
as inverting each digit and adding 1); the fourth group 011 
requires adding twice the multiplicand. Combining the re- 
sults of four groups, 1228519, we have the correct answer. 


Forced Zero . 
01101001 = 105 
01110101 0 = 17 


ao 735 


-1 +1 105 
+2 +1 105 
0000000001 101001 12285 
00000001101001 
114110010111 (-1) 
0011010010 (+2) 


0010444111111101 = 


(+1) 
(+1) 


12285 


; TL/F/9875-8 
FIGURE 3. Recode Multiplication Example 


Forced 
Zero 


Magnitude Bits 


€8l00L 


1 [Aw A15A14 A13A12A11 Aro Ag As A7 A6 As Aa 
Hardware-wired Logic Ones——» 4 [B16 Bis B14 B13 B12 Bis Bto Bo Bs B7 Be Bs Ba B3 Ba 


1 [Ci1eC1sC14C13C12C11 C10 Cg Cg C7 Co Cs Ca C3 C2 Ci Co 


K4 
1 ve ee Ds D7 De Ds Da Ds D2 D1 Dol 


Ke 


Partial Products 


1 [Ete E15 E14 £13 E12 E11 Ero Eg Ew Ev Eg Es Ea Es Eo £1 Eo 
Kg <&— Rounding Bits 
From External Gates 


1 |Fie Fis Fira Fig Fi2 Fi1 FioFo9 Fa F7 Fe Fs Fa Fa Fo Fi Fo 
Kio 
1 [G16G15G14G13G12G11G10Go Gs G7 Ge Gs Ga G3 G2 Gi Gof 
K12 
1 Ate Hs © HigH13H12H11HioHs He H7 He Hs Ha H3 H2 H1 Ho} 
ae Kia 
PS31 PS30°PS29 PS2e8 PS4 PS3 PS2 PS1 PSo 
PC30 PC29 PC2g PCa? «: PC3 PC2 PCi PCo 


S31 $30 2S20 Se... S3 Sz S1 So 


Final Product 





Sign Bit 
TL/F/9875-9 
FIGURE 4. 16 x 16 Multiply 
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100183 


Hardware Implementation 


For the hardware implementation of the 100183 recode 
multiplier the sign bit is connected to the Bg input, and B7 
through Bo are the magnitude bits. Two extend the word 
length greater than eight bits, the Bp and Bg inputs of adja- 
cent devices are connected together (see Figure 7). The 
device outputs Fo through F7 are used as the partial prod- 
ucts; these correspond to Ag through A7, or Ag through Aj4s5, 
or Bo through B7, etc. To reduce the hardware, the Fx bit 
(Ai in Figure 7) is used as the sign bit of the partial prod- 
uct. The sign bits are extended by using hardware wired 
logic “1s”. The ones are located in front of each partial 
product with an extra “1” at the sign bit of the first partial 
product as in Figure 4. The logic ‘‘1s” are wired as inputs 
into the Wallace Tree Adders as shown in Figure 6. If the 
recode group requires the multiplicand to be added, then 
the 100183 outputs the correct partial products to be added. 
But when the recode group requires that the multiplicand be 
subtracted, then the 100183 outputs the ones complement. 
External gates are required to generate a ‘‘1” to be added 
to the ones complement to complete the twos complement 
for the partial product (Figure 7). These external gates gen- 
erate the rounding bits, Kg ... Ky, which are input to the 
Wallace Tree Adder. Figures 4, 6 and 7 show the location. 
An example of multiplication which has the rounding bits 
and the hardware wired logic “1s” is shown in Figure 5. 
The weighted partial products are added together using 
100182, 9-bit Wallace Tree Adders as shown in Figure 6. 
The output is a partial sum and partial carry which can be 
reduced to the final product using Carry Lookahead and 6- 
bit adders. See Figure 8. 
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Forced Zero 
01101001 y = 105 
011101019 =117 


+2 +1 
4 
4101101001} 
0 
4f101101001] 
O'siz 


Hardware- 


wired 
Logic «> Toot) 
1 «@———— Rounding Bits 


ones é (externa! gates) 
771010010; & : 
Oe 





0010111911111101 = 12288: 
; a . TL/F/9875-10 
FIGURE 5. Example of Multiplication 


~ Using Rounding Bits 





Dp D; 02 Dy Og Ds Dg Dy Dg 
cor Ch, 


COz ——F100182 
CO; 


COn+2 
PC 


1 Bys C13 Diy Eg Fy Gs Hy 


Dp Dy 02 D3 Da Ds Dg 07 Dg 


F100182 


Dg 0, 02 03 D4 Dg Dg Dy Og 


F100182 


Do Dy Dz D3 04 Ds Dg D7 Dg Do 0; Dz D3 Dy Ds Og D7 Dg 
co; Ch co; 


COz 400182 ei F100182 


Intermediate Stages 
1 Aig Brg C12D i Eg Fe Ga Hz Not Shown A45843Cy:Dy Er Fs G3 Hy 


Do 0; D2 D3 D4 Ds Dg D7 Dg Do Dy D2 D304 Ds Og D7 Dg 


F100182 F100182 


Intermediate Stages 
Not Shown a, 


Do D1 Dz D304 Ds Og D7 Og Op Dy Dz D304 Ds Dg Dy Og 


Arg B12 Cp Og Eg Fa G2 Ho Kia 


Dp Dy Dz D3 Dy Ds Dg D7 Dy 
Ch, 
Cle 

I3 

Cla-2 

PS 


F100182 


Dp Dy Dz D3 Dy Ds Dg 07 Dg 
Ch 


F100182 


FIGURE 6. 100182 Hook-up for 16 x 16 Multiplier 
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100183 


Hardware Implementation (continued) 


X5 XyaX13X12X1yX19Xq Xa 1 | X7 Xg Xs Xa Xa Xz Xy Xo 
9 9 9 9 Q Qo > ) Q 9 G ©) 9 > 


3) 


NC D; De Ds Dy Dy D2 D, Do 


F 100183 F100183 
Fa Fr Fe Fs Fa F3 Fo Fs Fo Fa Fy Fe Fs Fa Fa Fo Fy Fo 


AigAgs ArgAysAq2Ay1 Arg AgAg NC Az Ag As Ag Aa Az Ay Ao 


TL/F/9875-12 
FIGURE 7. 100183 Hook-Up for 16 x 16 Multiplier 
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Hardware Implementation (continue) 


MSB 


F100180 F100180 
S34 S32 S30 Sze S28 Sza al S22 S20 S18 S16S1aS12 
Sas S33 Sai S29S27 Sz S23 ale 
PsG 


Tai aCnea 


F100179 


PsGeCnes PsGs PuGa Cnsa P3G3 
F100179 





F100180 


Sio Sa Se 


FIGURE 8. Final Summation for 16 x 16 Multiplier 
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TL/F/9875-13 





€8L00l 





100250 


Semiconductor 


A National Not Intended For New Designs 


100250 
Quint Full Duplex Line Transceiver 


General Description Features 


The 100250 is a quint line transceiver capable of simulta- ™ Full duplex operation = __ 

neously transmitting and receiving differential mode signals © = Common mode noise immunity of +1V 
on a twisted pair line. Each transceiver has a signal input aes 

Sin, a Signal output Soyr and two differential line inputs/ 
outputs L and L. Signals received from the lines L and [ can 
be stored in an internal latch. The line outputs are designed 
to drive twisted pair lines. The ENABLE input is common to 
all five transceivers. 





Ordering Code: see Section 


Logic Symbol 


>|__PinNames | Description 


Common Enable 
100K Signal Inputs 
100K Signal Outputs 
Differential Line 
Inputs/Outputs 


Sly S0; Sly S02 Sl S03 Sly SO, Sl SOs 


\ TL/F/9876-3 


Connection Diagrams 


24-PinDIP 24-Pin Quad Cerpak 
goo: | ae $0;$0s Sls Ver is bs 


24 23 22 21 20 19 


7 8 9 10 11 12 


OBO LON Rn wy = 





_ 
i=) 


$0. E VocVocaS0s Sls 


ay 
_ 


TL/F/9876-2 


pare 
Nn 


TL/F/9876-1 
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TWISTED PAIR 


TL/F/9876-5 
FIGURE 1. Interconnection of Two 100250 Circuits, 
Duplex Mode Operation 


TL/F/9876-6 


eee nC ee a eee 
A 
a 


H 


HIGH Voltage Level a UL = —1.27V 
LOW Voltage Level ae Uy = —0.27V 
Don't Care ; : (UL + Up)/2 = —0.77V 


—1 = Previous State 
= Dependent on Sia and Sig 


Functional Waveform 
Sig | | | | | 





TL/F/9876-15 





3-103 


100250 


Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

lf Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to + 85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin —7.0V to +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) 2 Veg to +0.5V 


Siprage Temperate OnE ae Output Current (DC Output HIGH) gs. == 50MA 
Maximum Junction Temperature (Ty) - +150°C Operating Range (Note 2) 2 =57Vt0 -4.2V 


DC Electrical Characteristics : 
Vee = —4.2V to —4.8V unless otherwise specified, Vcc = Voca = GND, Tc = 0°C to + 85°C 


Parameter Conditions 
Input HIGH Current 


mL 


Vin = Vin(Max) 


Power Supply Current ‘A |___ Inputs Open 





DC Electrical Characteristics 
Vee = —4.5V, Voc = Voca = GND, To = 0°C to +85°C (Note 3) 


Vou | Output HIGH Voltage -1025 | -955 | -s80 | mv | Vin = Vinman 
VoL Output LOW Voltage —~1810 | —1705 | —1620 | mv_ | 2% Vitimin) Loading with 
Vouc | Output HIGH Voltage —1035 Mees | Vin = ViH(Min 502 to —2.0V 


mV 
Votc Output LOW Voltage 1610 mV»..| OF VIL(Max) 


Typ 
i acacatl 
re es © | 
VKH Line OutputHIGH Voltage | -370 | | —220..| mv. | Notoad 
Vi Line Output LOW Voltage | -1400 | | —1090 | mv_| Vin = Vinqman oF Vivian) 
| eatin 
ai! 
| 


Symbol Parameter Conditions (Note 4) 


VIH Input HIGH Voltage —1165 mV Guaranteed HIGH Signal for All Inputs 
ViL Input LOW Voltage 921475 mV Guaranteed LOW Signal for All Inputs 


tL Input LOW Current | 0.50 | vA | Vin = Vitamin) 


DC Electrical Characteristics 
Vee = —4.2V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Symbol Parameter 


Vou Output HIGH Voltage ~—- ||_- “1020 


VoL Output LOW Voltage —s«|.-s« — 1810 
VoHc Output HIGH Voltage ~1030° 


VoLc Output LOW Voltage fing ail mvV or ViL(Max) 


| 
fa) 
ae 
ea 
VKH Line OutputHIGH Voltage | —350 | | mv | NoLoad 
ie 
= 
|| 
ea 


Conditions (Note 4) 


| Max 

| -870 | mv 

| =1605 | my 
V 


m 


Vin = Vin(Max) 
or Vit (Min) Loading with 
502 to —2.0V 


Vin = Vin(Min) 


VKL Line Output LOW Voltage | —1300 mV} Vin = Vie(max) Or Vit(Min) 
Vin Input HIGH Voltage : —1150 V Guaranteed HIGH Signal for Ail Inputs 
Input LOW Voltage —1810 mV Guaranteed LOW Signal for All Inputs 


Input LOW Current — | 0.50 | 


A Vin = Vit(min) 
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DC Electrical Characteristics 
Vee = —4.8V, Voc = Voca = GND, Tc = 0°C to +85°C (Note 3) 


Vou Output HIGH Voltage -1035 | | mV 

VoL Output LOW Voltage ~1830 | = | -1620 | mv 

VoHC Output HIGH Voltage —1045 ha ie mV 

VKH Line Output HIGH Voltage | -400 | = | -250 | mv | NoLoad 

VEL Line Output LOW Voltage -1500 | =| -1190 | mv Vin = Vinemax OF ViL(Miny 
ae mA 


0Sz00l 


| Max | Conditions (Note 4) 
Vin = VIH(Max) 
or VIL(Min) Loading with 


500 to —2.0V 
Vin = VIH(Min) ° 


VIH Input HIGH Voltage Guaranteed HIGH 
—1165 : 
Signal for All Inputs 


Guaranteed LOW 
lie Input LOW Current 


Signal for All. Inputs 
Note 1: Unless specified otherwise on individual data sheet. 
Note 2: Parametric values specified at —4.2V to —4.8V. 


Vin = Vit(Min) 


Note 3: The specified limits represent the ‘‘worst case” value for the parameter. Since these “worst case” values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under ‘worst case’ conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Voca = GND, To = 0°C to +85°C 


Te = +25°C Conditions 


Propagation Delay 14 

S;toL,L . 
1.2 
0.5 
1.3 
1.3 


=0°c = Cc 
2.6 2.9 
2.0 2.0 


1.2 2.9 
Propagation Delay : 
0.5 2.0 


Propagation Delay 
L,LtoSo 


1.2 
1.3 
1.3 
Transition Time 05 
20% to 80%, 80% to 20% : 
Setup Time LL ie piss BSE 
Hold Time L, T Pia. = 9 


Cerpak AC Electrical Characteristics 
Vee = —4.2V to —4.8V, Voc = Veca = GND, To = 0°C to + 85°C 
Conditions 


Propagation Delay ; 


Transition Time 
20% to 80%, 80% to 20% 


= = Cc 
: - 1.1 2.2 1.1 2.2 1.2 2.4 
Propagation Delay — : 
L,LtoSo 1.2 2.6 1.2 27 1.3 2.8 Figures 3 and 5 
Propagation Delay: - : 
0.5 1.9 0.5 1.9 0.5 1.9 
Setup Time LT i OE ae 
Hold Time LE Ee 
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100250 


Switching Waveforms 


0.7 £ O.1ns 


pPe@eeeeeezwzeoeoewa 


rg A 
z # x, 
U ‘ 


ewemeewoens wewmmwwne S 


Notes: Sjp = L then P = (UL + U})/2, Q = UL, R = Uy, S = (UL + Up)/2 
Sip = HthenP = Uy, Q = (UL + Upy)/2,R = (UL + Upy)/2,S = Up 
FIGURE 2. S; to Differential Line 


| L, C loaded with another F100250 


0.7 t O.1ns | 7 0.7 £ 0.1 ns 


ee @eeeeeereereewa 


U 


‘ : U 
. * 


‘ 


+ | 

U 
fy 0) \ ) 
eweaeenaeerad : ete ewawaeceoaed 


ewemmeooereora peonaane 


= tTHL 


Notes: Sia = L then P = (U, + Up)/2, Q.= U,,R = Uy, S = (UL + Uy)/2 a 
: (UL H) : ‘e H (UL 4) : L, L loaded with another F100250 


Sia = HthenP = Up, Q= (Up t:Upy)/2, R = (UL + Up)/2,S = UL 
ts is the minimum time before the transition of the enable that information must be present at the data input. 
ty is the minimum time before the transition of the enable that information must remain unchanged at the data input. 


FIGURE 3. Differential Line to So 
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Test Circuitry 


F100250 


25 pF 


= Voc = 


FIGURE 4. AC Test Circuit SI to Differential Line 
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Notes: 

Voc: VocA = +2V, Vee = ~2.5V 

L1 and L2 = equal tength 50M impedance lines. 
Ry.= 502 terminator internal to scope. 
Decoupling 0.1 »F from GND to Vcc and Veg. 
All unused outputs are loaded with 509 to GND. 


“C_ =:fixture and stray capacitance < 3 pF. 


Land E terminated by 100250 or Thevenin equivalent. 


. Signal levels will be a percentage of full swing if using 
“ equivalent network. 


Ra = 912, Rg = 5000, Ro = 2200, Rp = 71.50 
for Sg = Lb. 
Ra = 2209, Rg = 71.59, Ro = 91, Rp = 500 
for Sig = H. 


TL/F/9876-13 





0Sc00} 





100250 


F100250 
DRIVER 


a 


Yoo 


Notes: 


Voc; Voca = +2V, Vee = —2.5V 

L1 and L2 = equal length 502 impedance lines. 
Rr = 502 terminator internal to scope. 
Decoupling 0.1 F from GND to Voc and Vee. 
All unused outputs are loaded with 509 to GND. 
C. = fixture and stray capacitance < 3 pF. 


FIGURE 5. AC Te 
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tial Line to So and E to So 


TL/F/9876-14 
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LOOLE 


OY National Not Intended For New Designs 


Semiconductor 


11C01 
Dual 5-4 Input OR/NOR Gate 


General Description 


The 11C01 is a voltage-compensated ECL dual 5-4 input 

OR/NOR gate. The circuit has standard internal voltage 

compensation with DC parameters identical to 10K ECL de- 
5 vices. 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 
16-Pin DIP 


TL/F/9888-2 


Description , 


oN DODO ee, WwW NS 





Dia-Die, Dag—Dag Data Inputs TL/F/9888-1 
Q1, Qy, Qo, Qe Outputs 


oN OO he WH Ee 


TL/F/9888-3 


Truth Tables | 





11001 


Absolute Maximum Ratings 


Above which the useful life may be impaired 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 
Supply Voltage Range —-7.0V to GND 
Input Voltage (DC) Vee to GND 
Output Current (DC Output HIGH) -50mA 
Operating Range —5.5V to -4.75V 
Lead Temperature (Soldering, 10 sec.) 300°C 


DC Electrical Characteristics 
Vee = —5.2V, Voc = GND 


Symbol 


Output Voltage HIGH 
Output Voltage LOW 
Output Voltage HIGH 
Output Voltage LOW 
Input Voltage HIGH 


Input Voltage LOW 


Input Current HIGH 
Input Current LOW 
Power Supply Current 


AC Electrical Characteristics 


Veg = —5.2V,TA= +25C 


Parameter « 


Propagation Delay ad 
| LOWto HIGH 


1 “Qutput Transition Time 
“LOW to HIGH (20% to 80%) 

Output Transition Time 
HIGH to LOW (80% to 20%) 


Recommended Operating 


Conditions 

Min Typ Max Units 
Supply Voltage (Vege) 5.5 —-§.2 4.75 V 
Ambient Temperature (Ta) 0 +75 °C 


Conditions 


Vin = VIH(Max) 
20 VIL(Min) 
+ per Truth Table 


Loading is 


502 to —2.0V 
Vin = Vin(Min) 4 


or ViL(Max) 
per Truth Table 


Guaranteed Input Voltage 
HIGH for All Inputs 


Guaranteed Input Voltage 
LOW for All Inputs 


See Figure 1 





PULSE 
GENERATOR 


Notes: 

Li and L2 = equal length 502M impedance lines 
Rr = 50 Termination of scope 

Decoupling 0.1 pF from GND to Veg and Voc 
CL < 3 pF 


OUTPUTS 


Notes: 

Jig setup with no circuit under test 
Voc1 = Voc2 = +2.0V 

Vee = —3.2V 


Vee = -3.2V 


FIGURE 1. Switching Circuit and Waveforms 
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11005 


Semiconductor 


ZA National 


11C05 


Not Intended For New Designs 


1 GHz Divide-By-Four Counter. 


General Description 

The 11C05 is an ECL Divide-By-Four Counter with a maxi- 
mum operating frequency above 1 GHz over the 0°C to 
+ 75°C temperature range. The input may be DC or AC (ca- 
pacitively) coupled to the signal source. The emitter follower 


Ordering Code: see Section é 


Logic Symbol 


Clock Input 


Reference Input =] 


Counter Outputs 


Logic Diagram 


outputs (Q and Q) are capable of driving 502 lines. The 
outputs are voltage-compensated and provide standard 


ECL output levels. 


Connection Diagram 
14-Pin DIP 


TL/F/9889-2 


TL/F/9889-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 

Storage Temperature —65°C to + 150°C Min 
Maximum Junction Temperature (Ty) + 150°C Supply Voltage (Vee) 

Supply Voltage Range —7.0V to GND Commercial -—5.25V °-5.0V 
Input Voltage (DC) Veg to GND Military —5.5V  -5.0V 
Output Current (DC Output HIGH) —50 mA Ambient Temperatur @ (Ta) 

Operating Range —5.5V to —4.75V Commercial ee 


: Military 
Lead Temperature (Soldering, 10 sec.) 300°C 


Typ 


Commercial DC Electrical Characteristics 
Vee = 5.0V, Vcc = GND 


Symbol [rams [ep [tee [a Conditions 


VoH Output Voltage HIGH —1060 —995 —910 0°C Vin = Vin Or Vic, 
—1025 —960 —880 + 25°C Loading 502 to —2V 
—980 —910 —830 +75°C 


Vor ee 


Vin Input Voltage HIGH Guaranteed Input HIGH 
1250 
tee TSC 


VIL Input Voltage LOW 3 ee Guaranteed Input LOW 





ie | Paver Sumy Goren |e [|| mA] +a86 | vopen 
Vec___| Supply Voltage Range | -525 | -s0 | -475 | v | cto +750 | 
Ver | InputReterenceVotage | | -20 | |v [+250 


Military DC Electrical Characteristics © 
Vee = —5.0V, Vcc = GND 


Symbol Conditions 


Vou efor Vin = Vin OF Vit, 
Loading 1002 to —2V 


VoL 
ViH —55°C Guaranteed Input HIGH 
+ 25°C 


+ 125°C 


VIL Guaranteed Input LOW 


<< <j<cc< 





es oy eae eT Input Open 
| Supply VoltageRrange | -55 | -50 | -475 | v_ | ~s8Ct0 +126 | 
jinputReferenceVotage | | -29 | |v | tac 





11005 


Commercial and Military AC Electrical Characteristics 
Vee = —5V, Voc = GND, Ta —55°C to + 125°C unless otherwise noted 


fCOUNT Maximum Sinusoidal 1000 Pet TT ee to +75°C _ AC Coupled 
Input Frequency —55°C to + | 55°C to + 125°C | 800 mV 


Peak-to-Peak 
Minimum Sinusoidal Input . 


Input Frequency “(Note 2)” 


[Sew RawiSquevae || [| ws [ate 


Note 1: Very low frequency operation is possible as long as sufficient slew rate of the input pulse edges is maintained. 
Note 2: Input drive shall not exceed 1.5V peak-to-peak max. 





SIGNAL 
GENERATOR 


Rr = 500 termination of scope 

Ly = 500 transmission line 

Cy = 0.1 pF leadless capacitor, 250 pF for F > 25 MHz 
Ry = ON for commercial grade, 502 for military grade 


. Vee =-3.0V 
Re = 502 for commercial grade, 1002 for military grade Fe 


TL/F/9889-4 
FIGURE. 1. AC Test Circuit 


Horizontal Scale = ns/div oa Horizontal Scale = 1 ns/div 
Vertical Scale = 200 mV/div ‘ Vertical Scale = 200 mV/div 


pt tt TT tt Prnintrniniive 
| LAUT TT A 
HAE il 


Input 


NUTT INTENT ETA 
CWT W:| AW OTA: 
eee alll eed 
PT tT Ti 
RRS ee 


TL/F/9889-5 TL/F/9889-6 
. 25 MHz Operation 1.2 GHz Operation 





SINEWAVE INPUT (PEAK TO PEAK) — mV 


INPUT FREQUENCY — MHz 


" TL/F/9889-7 


FIGURE 2. AC Input Requirements 


Note: Trigger amplitudes refer to the circuit end of the input cable as opposed to the signal generator end: 


A DC coupled input should be designed to provide specified 
Vi and Vi, levels. For AC coupling, an external resistor 
may or may not be necessary depending on the application. 
lf an input signal is always present, only the capacitor is 
required because an internal 400M resistor connected be- 
tween CP and Vref centers the AC signal about mid- 
threshold. For applications in which an input signal is not 


always present, AC. coupling requires that an external 10 
K®. resistor be connected between CP and Vee. This off- 
sets the input sufficiently to avoid extreme sensitivity to 
noise when no signal is present. Otherwise, noise triggering 
can lead to oscillation at about 450 MHz. For best opera- 
tion, both outputs should be equally loaded. 
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11006 


ZA National 


Semiconductor 


11C06 
750 MHz D-Type Flip-Flop 


General Description 


The 11C06 is a high-speed ECL D-Type Master-Slave Flip- 
Flop capable of toggle rates over 750 MHz. Designed pri- 
marily for high-speed prescaling, it can also be used in any 
application which does not require preset inputs. The circuit 
is voltage-compensated, which makes input thresholds and 


Ordering Code: see Section é 


Logic Symbol 


16-Pin DIP 


TL/F/9890-3 


1 
2 
3 
4 
5 
6 
7 
8 


Data Input 

Clock Input. 

Clock Enable (Active LOW) 
Outputs — SS 


Not Intended For New Designs 


output levels insensitive to Veg.variations. Complementary 
Q and Q outputs are provided, as are two Data inputs, Clock 
and Clock Enable inputs. The.11C06 is pin-compatible with 
the Motorola MC1690L but is a higher-frequency replace- 
ment. "ae 


Connection Diagrams 


16-Pin Flatpak 


TL/F/9890-1 


: Truth Table 


HIGH Voltage Level 
LOW Voltage Level 
= Don't Care 
—~ = LOW to HIGH Transition 
Qn-1 = Previous State 








Absolute Maximum Ratings 


Above which the useful life may be impaired 


90911 


If Military/Aerospace specified devices are required, Operating Range —5.7V to -4.7V 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 300°C 
Office/Distributors for availability and specifications. 

Storage Temperature —65°C to + 150°C Recommended Operating 

Maximum Junction Temperature (T) +150°C Conditions 
Supply Voltage Range —7.0V to GND Min Typ Max 
Input Voltage (DC) Vee to GND Supply Voltage (Veg) —5.7V -5.2V —-4.7V 
Output Current (DC Output HIGH) —50 mA Ambient Temperature (Ta) o°c +75°C 


DC Electrical Characteristics 
Vee = —5.2V, Vcc = GND 


o°c 


VOH Output Voltage HIGH ~—840 mV Vin = Vin (Max) OF VIL (Min) Per Truth 
—810 mV Table Loading 500 to —2V 
—720 mV 
VoL Output Voltage LOW — 1635 mV 
— 1620 
— 1595 
VoHC Output Voltage HIGH Vin = VIH (Min) OF VIL (Max) for Dp Inputs 
Loading 509 to —2V 


VoLc Output Voltage LOW 






VIH Input Voltage HIGH 


Vi Input Voltage LOW kK 
ly Input Current HIGH 
Clock Input ; 
Data Input 


Guaranteed Input Voltage HIGH 
for All Inputs 


Guaranteed Input Voltage LOW 
for All Inputs 


Vin = VIH (Max) 


| | wa | +250 | Vin = Vinci 
| | oma +25°C | Alllnputs Open 





lie Input Current LOW 0.5 


lEE Power Supply Current | 59. —40 


AC Electrical Characteristics 
Vee = —5.2V, Voc = GND; Ta = +25°C 


Propagation Delay (CP-Q) 0.7 
Propagation Delay (CP-Q) 0.7 


Transition Time 20% to 80% 
Transition Time 80% to 20% 


| Sotuptime | 
! fe eee 
| 650 _| 





Conditions 






Symbol 


tPHL 
tPLH 










{TLH See Figure 7 





Hold Time 


fTOG (MAX) “Toggle Frequency (CP) 


Note: The device is guaranteed for frog (CP) = 600 MHz, frog(CE) = 550 MHz over the 0°C to + 75°C temperature range. 





See Figure 2, Note 
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11C06 


Functional Description 


While the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The next transition from LOW to HIGH locks the master in 
its present state making it insensitive to the D input. This 
transition simultaneously connects the slave to the master 
causing the new information to appear on the outputs. Mas- 
ter and slave clock thresholds are internally offset in oppo- 
site directions to avoid race conditions or simultaneous 


PULSE 
GENERATOR 


Rr = 502 termination of scope 
Ly = 502 impedance lines 
All input transition times are 2.0 ns 0.2 ns 





SIGNAL 
GENERATOR 


Ry = 500 termination ot scope 

Ly = 502 impedance lines 

Adjust Vgias for +0.7V baseline of 

800 mV peak-to-peak sinewave input. 

All input transition times are 2.0 ns £0.2 ns 










master-slave changes when the clock has slow rise or fall 
times. : 


The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual-In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should go HIGH while CP is still HIGH. 


Vec1 = Veco2=+2.0V 
O 


Rr 


TL/F/9890-4 


FIGURE 1. Propagation Delay (CP to Q) 


Vec1 = Vec2= +2.0V 
O 


TL/F/9890-5 


FIGURE 2. Toggle Frequency Test Circuit 





Typical Waveforms 


AACA A 
__ Ae re 
ACAGAVEC AUREL 
ATIAU INTE TINUINARY 
OAV WN 
COAG TAIN 


DUP SGIRGER 


Saul Awe 
700 MHz Operation 


Horizontal Scale = 1.0 ns/div 
Vertical Scale = 200 mV/div 


TL/F/8890-6 
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11070 


Semiconductor 


ZA National 


11070 


Not Intended For New Designs 


Master-Slave D-Type Flip-Flop 


General Description 


The 11C70 is a high-speed ECL D-Type Master-Slave Flip- 
Flop capable of toggle rates over 650 MHz. Designed pri- 
marily for communications and instrumentation, it can also 
be used in other digital applications and is fully compatible 
with 10K ECL. Asynchronous Direct Set and Direct Clear 
inputs are provided which override the clock. 


The circuit is voltage-compensated, which makes output 
levels and input thresholds insensitive to Veg variations. 


Ordering Code: see Section6 
Logic Symbol 


Sp 


“TL/F/9891-2 


~ Clock Enable (Active LOW) 
Clock Pulse 


_¢ Data Input 

“Outputs — 

_ Direct Set 
“Direct Clear 





This also allows operation with ECL supply voltage Veg of 
—5.2V or with TTL supply Vcc of + 5.0V. Each input has an 
internal 50 kQ pull-down:resistor, which allows unused in- 
puts to be left open. Open emitter-follower outputs accom- 
modate a variety of loading and terminating schemes. The 
11C70 is pin-compatible with the Motorola MC1670 but is a 
higher-frequency replacement. 


Connection Diagram 
16-Pin DIP 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9891-1 


Truth Table 


H Direct Set 

L Direct Clear 
Intermediate 
Disable Clock 
Clocked Set 
Clocked Clear 


ie) 
oO 
o 
| 
m 
Q 
uU 


r-roiK K xK 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

~/ = LOW to HIGH Transition 

t,t+1 = Time Before and After Clock Positive Transition 





Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Maximum Junction Temperature (Ty) + 150°C 
Supply Voltage Range ; —7.0V to GND 
Input Voltage (DC) Vege to GND 
Output Current (DC Output HIGH) _ -50mA 
Operating Range ~ —5.7V to —4.7V 
Lead Temperature (Soldering, 10 sec.) 300°C 


OZOLL 


Min Typ | Max 
Supply Voltage (Veg) —5.7V —5.2V —4,7V 
Ambient Temperature (Ta) orc 3 +75°C 





DC Electrical Characteristics 
Vee = —5.2V, Voc = GND 


Symbol | Parameter |_ min | typ | Max | Units | Ta _| “Conalons 


Output Voltage HIGH —1000 Vin = Vina OF Vig per Truth 
—960 : C |. Table Loading 502 to —2V 
; —900 : ? 
Output Voltage LOW — 1870 
— 1850 
— 1850 


Output Voltage HIGH — 1020 Vin = Vine Or Vita for D Input 
—980 ales Loading 502 to —2V 
—920 





Output Voltage LOW 


Input Voltage HIGH Be J Guaranteed Input Voltage HIGH 
: for Ail Inputs 


Input Voltage LOW 1 Guaranteed Input Voltage LOW 
for All Inputs 


input Current HIGH 4 Vin = VIHA 
Clock Input Dose ‘ 
Data Input 
Sp and Cp 


NL Input Current LOW | os | Vin= VinB 
Power Supply Current ° 48 All inputs Open 


AC Electrical Characteristics 
Vee = —5.2V, Voc = GND, Ta = +25°C 

; Conditions 
tpLH. tpi = | -—- Propagation Delay (CP-Q) : See Figures 3 and 4 


teLH: tPHL 


TOG (MAX) ; See Figure 2 


Note: This device is guaranteed for ffogimax) 2 500 MHz over the 0°C to + 75°C temperature range. 
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11070 


Functional Description — 


Master and slave clock thresholds are internally offset in 
opposite directions to avoid race conditions or simultaneous 
master-slave changes when the clock has slow rise or fall 
times. While the clock is LOW, the slave is in a HOLD condi- 
tion and information present on the D input is gated into the 
master. When the clock goes HIGH, it locks the master into 
its present state, making it insensitive to the D input, caus- 
ing the new information to appear on the outputs. 


The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should be HIGH while CP is still HIGH. 


A HIGH signal on Sp or Cp will override the clocked inputs 
and force Q or G, respectively, to go HIGH. If both Cp and 
Sp are HIGH, the two output voltages will be somewhere 
between the HIGH and LOW levels and thus, cannot be 
usefully defined. 


When the input signals for the 11C70 come from other ECL 
circuits, either 11CXX series or 10K types, these circuits will 
automatically provide appropriate signal swings, provided, 
of course, that these circuits are operated within their rat- 
ings and that due consideration is given to terminations ap- 


propriate to the particular application, as discussed in the | 


F100K ECL Design Guide (Section.5 of Databook). 


For applications where the clock signal comes from a circuit 
type other than ECL (in high frequency prescaling, for exam- 
ple) it is generally necessary to use external components to 
shift the signal levels and center them about the 11070 
input threshold region. A typical biasing scheme is shown in 
Figure 1. Resistors R1 and R2 are chosen such that:the 





quiescent voltage at the CP input is —1.3V with respect to 
the Vcc terminal. of the 11070. Also indicated is the cou- 
pling from Q back to the D input to make a simple toggle. 
The clock source should be designed to..provide a signal 
swing in the range of 400 mV to 1200 mV, peak-to-peak, 
over the specified frequency and temperature. range. To 
avoid saturating the input transistor, and thus limiting the 
frequency capability, the positive peak ofthe clock ‘should 
not be more positive than —0.4V with respec 


The 11070 outputs have no internal pull-d 
When driving a microstrip line terminated at the far end bya 
resistor returned to —2V.{w.r.t. Vcc), the quiescent Io, cur- 
rent in the line performs the. pull-down function when the 
output starts to go LOW. For series termination or for short 
unterminated lines, a 2700 resistor to. Veg will provide ade- 
quate pull-down current. The outputs. Switch slightly faster 
when both outputs are equally loaded than if only one out- 
put is loaded: Equal and opposite changes in Q and Q load 
currents tend to cancel the effects of the small inductance 
of the Voc pin, 4 

The test arrangements ilistrate the use of split power sup- 
plies, with a 2V Vcc and’ —3.2V Veg. This is done as a 
matter of instrumentation convenience, since it allows the 
outputs to be connected via 509 cables directly to the sam- 
pling scope inputs, which have 502. internal terminations. 
By thus avoiding the use of probes, test correlation prob- 
ems betweem.supplier and user are minimized. In actual 
pplications, only a single power supply is needed, and 
ground.can be assigned to Vcc, as in ECL systems or to 
Veg side as in TTL systems. RF bypass capacitors are rec- 
ommended in either case. 





TL/F/9891-3 


GURE 1. Input Biasing for AC Coupled Triggering 
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OZO}L 


SIGNAL 
GENERATOR 


TL/F/9891~4 


Rr = 500 termination of scope 
Ly = 5029 impedance lines 


Adjust Veias for +0.7V baseline of 
800 mV peak-to-peak sinewave input 


TL/F/9891-5 


FIGURE 2. Toggle Frequency Test Circuit 
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11070 


DELAYED 
PULSE 
GENERATOR 


PULSE 
GENERATOR 


TL/F/9891-6 
Voc1 = Voce = +2.0V 
Vee = —3.2V 
Rr = 502 termination of scope 
Ly, Lg = equal 50 impedance lines 
Alt input transition times are 2.0 ns +0.2 ns 


2.0+0.2ns 


TL/F/9891-7 
FIGURE 3. Propagation Delay and Cp Test Circuit 
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OZOL} 


PULSE 
GENERATOR 







DELAYED 
PULSE 
GENERATOR 


TL/F/9891-8 
Vec1 = Voc2 = +2.0V 
Vee = —3.2V 
Rr = 502 termination of scope 
Ly, Lo = equal 509 impedance lines 
All input transition times are 2.0 ns +0.2 ns 


2.0 +0.2 ns 


1.11V 





0.31V 


— 2.0 £0.2 ns 


Vt1V 


0.31V 





{TLH |}-— —" {THL 








{PHL tpLH 


tTHL tTLH 


TL/F/9891-9 
FIGURE 4. Propagation Delay and Sp Test Circuit 
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11090/11C91 


ZA National 


Semiconductor 


11090/11C91 
650 MHz Prescalers 


General Description 


The 11C90 and 11C91 are high-speed prescalers designed 
specifically for communication and instrumentation applica- 
tions. All discussions and examples in this data sheet are 
applicable to the 11C91 as well as the 11C90. 


The 11090 will divide by 10 or 11 and the 11091 by 5 or 6, 
both over a frequency range from DC to typically 650 MHz. 
The division ratio is controlled by the Mode Control. The 
divide-by-10 or -11 capability allows the use of pulse swal- 
lowing techniques to control high-speed counting modulos 
by lower-speed circuits. The 11C90 may be used with either 
ECL or TTL power supplies. 


In addition to the ECL outputs Q and Q, the 11C90 contains 


an ECL-to-TTL converter and a TTL output. The TTL output. 


operates from the same Vcc and V_g levels as the counter, 
but a separate pin is used for the TTL circuit Vee. This mini- 
mizes noise coupling when the TTL output switches and 


Ordering Code: see Sections 
Logic Symbol 


M1 M2 


TL/F/9892-2 


Count Enable Input (Active LOW) 
> Clock Pulse Input 
-. Count Modulus Control Input 
’ Asynchronous Master Set Input 
ECL Outputs 
TTL Output 
2 k2. Resistor to My, 
4002 Resistor to Vag 


Not Intended For New Designs 


also allows power consumption to be. reduced by leaving 
the separate Veg pin open if the TTL output is not used. 


To facilitate capacitive coupling of the clock signal, a 4002 
resistor (Vper) is connected internally to the Vgpg reference. 
Connecting this resistor to the Clock Pulse input (CP) auto- 
matically centers the input about the switching threshold. 
Maximum frequency operation is achieved with a 50% duty 
cycle. 

Each of the Mode Control inputs is connected to an internal 
2 kQ resistor with the other end uncommitted (RM, and 
RMo). An M input can be driven from a TTL circuit operating 


.. from the same Vcc by connecting the free end of the asso- 
- ciated 2 kf resistor to Voca. When an M input is driven 
“from the ECL circuit, the 2 kQ resistor can be left open or, if 


required;.can be connected to Veg to act as a pull-down 
resistor. _ 


-onnection Diagram 


16-Pin DIP 


On TO anrernwn = 


TL/F/9892-1 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
If Military/Aerospace specified devices are required, Min Typ > Max 


please contact the National Semiconductor Sales 


Office/Distributors for availability and specifications. Anibent Temperate (a) 


Commercial orc oo 75°C 


Storage Temperature —65°C to + 150°C Military 55°C as 4 125°C 
Maximum Junction Temperature (T)) + 150°C Supply Voltage (VEE) a : ] P 
Supply Voltage Range ~7.0V to GND Commercial —5.7V -52V -47V 
Input Voltage (DC) Veg to GND Military —5.7V -5.2V —-4,7V 
Output Current (DC Output HIGH) —50mA , 
Operating Range —5.7V to —4.7V 
Lead Temperature 

(Soldering, 10 sec.) . 300°C 


TTL Input/Output Operation 
DC Electrical Characteristics 


Over Operating Temperature and Voltage Range unless otherwise noted, Pins 12 and 13 = GND 


Typ a 
VIH Input HIGH Voltage At V Guaranteed Input HIGH Threshold 
M4 and Mo Inputs . Voltage (Note 4), Voc = Voeca = 5.0V 
VIL Input LOW Voltage 33 V Guaranteed Input LOW Threshold 
My, and Mo Inputs : Voltage (Note 4), Voc = Veca = 5.0V 
Vou Output HIGH Voltage 23 3.3 Vv Voc = Veca = Min, 
QTTL Output : : . lon = —640 pA 
VoL Output LOW Voitage 0.2 V Voc = Vcca = Min, , 
QTTL Output : lo. = 20.0mA 
lit Input LOW Current 23 man Voc = Veca = Max, 
My, and Mo Inputs : Vin = 0.4V, Pins 6,7 = Voc 


Isc Output Short Circuit 35 | 20 | oma | vec = Meese ; 
ouT = 9.9V, Fin = VCC 
AC Electrical Characteristics 


Current 
Voc = Voca = 5.0V Nominal, Veg =.GND,Ta = +25°C 


| Parameter | min | Typ | Max | 


Propagation Delay, (50% to.50%) 
CP to QTTL 


Propagation Delay, (50% to 50%) 
MS to QTTL 


Mode Control Setup Time re 2 









Conditions 
See Figure 7 








Mode Control Hold Time 


Output Rise Time - 
(20% to 80%) ©. 


Output Fall Time 
(80% to 20%) 


Count Frequency 










—55°C to + 125°C 
0°C to + 75°C 
Clock Input AC Coupled 
350 mV Peak-to-Peak 
Sinewave (Note 5) 
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11090/11091 


ECL Operation—Commercial Version 


DC Electrical Characteristics 
Voc = Voca = GND, Vee = —5.2V 


Symbol Min Typ Max_| units || Ta | Conditions 


Ta 
VoH Output HIGH Voltage | -—1060  —995 oc | Load = 509 to ~2V 
+25°G | we 














QandQ —1025 —960 mV ° 
—980 —910 +75°C™ 
VoL Output LOW Voltage _ _ = OCto |e. 
Vind Input HIGH Voltage orc Guaranteed Input HIGH 


Signal (Note 6) 


VIL Input LOW Voltage , a | 0°C.. | Guaranteed Input LOW 
a Signal 

WH Input HIGH Current ie ” “Vin = VIHA 

CP Input (Note 1) 

MS Input 

_| My and Mg Input & oo. 
NL Input LOW Current F “a > uA Vin = Vics 
lee Power Supply Current “a Pins 6, 7, 13 not connected 
VEE Operating Supply 
Voltage Range 


VAM, = VRM2 = —5.2V 
IN = —10.0 pA 


VaeEF Reference Voltage 


AC Electrical Characteristics 
Ta = 0°C to + 75°C, Voc = Veca = GND, Vee —5.2V 








Parameter Conditions 
























Output: 


Propagation Delay, 
Ry = 500 to —2.0V 


(50% to 50%) CP to. Q 
PropagationDelay, —™ 


Joe Input: 
9 : ie) 
(50% tae) MEO ti = ti = 2.0 t0.1ns 
Setup Time, MtoCP < (20% to 80%) 







HoldTime,MtoCP See Figure 1 


< Output Rise Time 
“| (20% to 80%) 


Output Fall Time 
_ (80% to 20%) 


m Clock Frequency 




















AC Coupled Input 350 mV 
Peak-to-Peak. fyyax is 

Guaranteed to be 575 MHz 
Min at 0°C to + 75°C. 
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ECL Operation—Military Version 


DC Electrical Characteristics 
Voc = Voca = GND, Veg = —5.2V 










Von Output HIGH Voltage —1100 — 1030 —900 Load = 1002: to -2V 
QandQ —980 —910 —820 mV E 
—910 —820 —670 Cc. 
VoL Output LOW Voltage = a _ — 58°C to 


Guaranteed Input HIGH 


Vin Input HIGH Voltage —55°C 
Signal (Note 6) 
Vit Input LOW Voltage Guaranteed Input LOW 
Signal 

lin Input HIGH Current i. b, AeY Vin = VIHA 

CP Input (Note 1) 

MS Input 

M, and Mo Input 

TL Vin = VILB 
IEE Pins 6, 7, 13 not connected 





OE [ea Ge —55°C to 
+ 125°C 


VEE Operating Supply —55°C to 
Voltage Range +125°C 


VRM; = VRMp = —5.2V 


Pee | ie 100 eA 





Vaer Reference Voltage 


AC Electrical Characteristics ee 

Ta = —55°C to + 125°C, Voc = Voca = GND, Veg = —5.2V 

Parameter ~~ ao a Et 
yp. Min Typ Max yp 


“113 20 30 
40 6.0 















Conditions 











Output: 
R_ = 509 to —2.0V 


Propagation Delay, SL 
(50% to 50%) CP toQ 





See Figure 1 


Propagation Delay, . 
(50% to 50%) MS to.Q hae 

— th = ty = 2.0 +0.1 ns 
Setup Time, M to CP. | 20 | 40 20 (20% to 80%) 


Hold Time, M.to:CP: 


Output Rise Time. 
(20% to 80%) 


Output Fall Time ~~ 1.0 
(80% to. 20%) ; 


“ Maximum Clock Frequency 
. 700 600 650 MHz 


Note 1: Conditions far-testing, not shown in the Table, are chosen to guarantee operation under “worst case” conditions. 


Note 2: The specified limits represent the “worst case” value for the parameter. Since these “worst case” values normally occur at the temperature and supply 
voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 


Note 3: Typical limits are at Vog = 5.0V and Ta = +25°C. 

Note 4: The M; and Mo threshold specifications are normally referenced to the Vcc potential, as shown in the ECL operation tables. Using Veg (GND) as the 
reference, as in normal TTL practice, effectively makes the threshold vary directly with Vcc. Threshold is typically 1.3V below Vcc (e.g., +3.7V at Voc = +5V).A 
signa! swing about threshold of +0.4V is adequate, which gives the state Vj}4 and Vj), values. The internal 2 kQ resistors are intended to pull TTL outputs up to the 
required Vj}, range, as discussed in the Functional Description and shown in Figure 5. 

Note 5: TTL Output Signa! swing is guaranteed at fyyax over temperature range. 


Note 6: M, or Mo can be tied to Vcc for fixed divide-by-ten operation. 














AC Coupled Input 350 mV 
Peak-to-Peak. fyyax is 

Guaranteed to be 550 MHz 
Min at —55°C to + 125°C. 
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11090/11C91 








| be tern, CPTOQ 
| 


fe tein, CP Toc Q 


| Peng, 







Conditions: 
Voc = +2.0V 
Vee = —3.2V 








Ry = 502 (scope input impedance) 

C, = Jig and stray capacitance..<5,0 pF 

ly = Lo = equal 500 impede anes 

C = 0.1 pF ; : : 

Note 7: Use high impedafes to to test ar 
Connect pin 13'to VEE. 


Note 8: For High frequency test use. AC cotpted input as in Figure 3. 
Adjust input amplitude to 350 mv Book: -to-peak. 














| 
bt 


| tpH_, CP TO Q, +10 





be teu, CP TO Q, +11 


FIGURE 1. AC Test Circuit 
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TL/F/9892-3 


OUTPUT Q (+10) 





OUTPUT Q (+11) 





TL/F/9892-4 


Functional Description 


The 11C90 contains four ECL Flip-Flops, an ECL to TTL 
converter and a Schottky TTL output buffer with an active 
pull-up. Three of the Flip-Flops operate as a synchronous 
shift counter driving the fourth Flip-Flop operating as an 
asynchronous toggle. The internal feedback logic is such 
that the TTL output and the Q ECL output are HIGH for six 
clock periods and LOW for five clock periods. The Mode 
Control (M) inputs can modify the feedback to make the 
output HIGH for five clock periods and LOW for five clock 
periods, as indicated in the Count Sequence Table. 


The feedback logic is such that the instant the output goes 
HIGH, the circuit is already committed as to whether the 
output period will be 10 or 11 clock periods long. This 
means that subsequent changes in an M input signal, in- 
cluding decoding spikes, will have no effect on the current 
output period. The only timing restriction for an M input sig- 
nal is that it be in the desired state at least a setup time 
before the clock that follows the HHLL state shown in the 
table. The allowable propagation delay through external log- 
ic to an M input is maximized by designing it to use the 
positive transition of the 11C90 output as its active edge. 
This gives an allowable delay of ten clock periods, minus 
the CP to Q delay of the 11C90 and the M to CP setup time. 
If the external logic uses the negative output transition as its 
active edge, the allowable delay is reduced to five clock 
periods minus the previously mentioned delay and setup 
time. 


Capacitively coupled triggering is simplified by the 4000 re- 


sistor which connects pin 15 to the internal Vgp reference. 


By connecting this to the CP input, as shown in Figure 3, the 
clock is automatically centered about the input threshold. A 
clock duty cycle of 50% provides the fastest operation, 
since the Flip-Flops are Master-Slave types with offset clock 
thresholds between master and slave. This feature ensures 
that the circuit will operate with clock: waveforms having 
very slow rise and fall times, and thus, there is no maximum 
frequency restriction. Recommended minimum. and maxi- 
mum clock amplitude as a function of a frequency and tem- 
perature are shown in the graph labeled Figure 2, When the 
CP or any other input is driven from another ECL circuit, 
normal ECL termination methods are recommended. One 
method is indicated in Figure 4. Other ECL termination 
methods are discussed in:the F100K ECL Design Guide 
(Section 5 of Databook). 


OPERATING 
RANGE 


SINUSOIDAL INPUT AMPLITUDE mV peak-to-peak 





INPUT FREQUENCY — MHz 
TL/F/9892-5 
FIGURE 2. AC Coupled Triggering Characteristics 


11090/11C91 


eieeteetinetcaaieetad 
| 
| 
mee 16 | cP 
fin o— jl _—— 
15} 400n ue 
ee 


TL/F/9892-10 
FIGURE 3. Capacitively Coupled Clocking 


Vcc 


11090/11C91 








ECL 
CIRCUIT 


TL/F/9892-11 


Rio 


», Vee = —5.2V, Vcc = OV, Vr7 = —2.0V 


FIGURE 4. Clocking by ECL Source via Terminated Line 


When an M input is to be driven from a TTL output operating 
from the same Vcc and ground (Veg), the internal 2 kN 
resistor can be used to pull the TTL output up as shown in 
Figure 5. Some types of TTL outputs will only pull up to 
within two diode drops of Vcc, which is not high enough for 
11C90 inputs. The resistor will pull the signal up through the 
threshold region, although this final rise may be somewhat 
slow, depending on wiring capacitance. A resistor network 
that gives faster rise and also lower impedance is shown in 
Figure 6. 





13 (OPTIONAL) 


TL/F/9892-12 
FIGURE 5. Using Internal Pull-Up with TTL Source 





TL/F/9892~13 
FIGURE 6. Faster Low Impedance TTL to ECL Interface 
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Functional Description (Continue) a 
The ECL outputs have no pull-down resistors and can drive be connected together as close to the package as possible. 


series or parallel terminated transmission lines. For short Pin 12 must always be connected to the Veg:side of the 
interconnections that do not require impedance matching, a supply, while pin 13 is required only if the TTL output is 
2702 to 5102 resistor to Veg can be used to establish the used. Low impedance Vcc and Vee distribution and RF by- 


VoL level. Both Vcc pins must always be used and should pass capacitors are recommended to prevent crosstalk. 


Logic Diagram 11C90 








TL/F/9892-6 


Note: This diagram is provided for understanding of logic operation only. It should:not be used for evaluation of propagation delays as many internal functions are 


achieved more efficiently than shown. 


Count Sequence Table 11C90 
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“ : > 4 Operating Mode Table 11C90 
Output 


Set HIGH 
Hold 
1 
+10 
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H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 
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Note: A HIGH on MS forces all Qs HIGH. 
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Count Sequence Table 11C91 
Q; Qe Q3(QTTL) 
+6 


TL/F/9892-9 
Note: A HIGH on MS forces all Qs HIGH. — 
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H 
L 
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Operating Mode Table 11091 


Output 
Response 


Set HIGH 


Hold 
+6 
+5 
+5 





HIGH: Voltage Level 
LOW Voltage Level 


Don’t Care 
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Chapter 1 
Circuit Basics 


Introduction 


ECL circuits, except for the simplest elements, are schemat- 
ically formidable and many of the specified parameters are 
relatively unfamiliar to system designers. The relationships 
between external parameters and internal circuitry are best 
determined by individually examining the fundamental sub- 
circuits of a simple element. 


Basic ECL Switch 


At the bottom of every ECL circuit, literally and figuratively, 
is a current source. In the basic ECL switch (Figure 1-1), a 
logic operation consists of steering the current through ei- 
ther of two return paths to Vcc; the state of the switch can 
be detected from the resultant voltage drop across R1 or 
R2. The net voltage swing is determined by the value of the 
resistors and the magnitude of the current. Further, these 
two values are chosen to accomplish the charging and dis- 
charging of all of the parasitic capacitances at the desired 
switching rate. 


Required Input Signal 


The voltage swing required to control the state of the switch 
is relatively small due to the exponential change of emitter 
current with base-emitter voltage and to the differential 
mode of operation. For example, starting from a condition 
where the two base voltages are equal, which causes the 
current to divide equally between Q1 and Q2, an increase of 
Vin by 125 mV causes essentially all of the current to flow 
through Q1. Conversely, decreasing Vin by 125 mV causes 
essentially all of the current to flow through Q2. Thus the 
minimum signal swing required to accomplish switching is 
250 mV centered about Vez. The signal swing is made larg- 
er (approximately 750 mV) to provide noise immunity and to 
allow for differences between the Vgp of one circuit and the 
output voltage levels of another circuit driving it. 


Vec 


Is { 
VEE 


TL/F/9905-1 
FIGURE 1-1. Basic ECL Switch 


Transition Region 


If the voltage at the collector of Q1 is monitored while vary- 
ing Vij above and below the value of Vp, the relationship 
between Vc; and Viy appears as shown in Figure 1-2. Note 
that the horizontal axis of the graph is centered on Vggp; this 
emphasizes the importance of Vgp in fixing the location of 
the transition region. The shape of the transition (or thresh- 
old) region is governed by the transistor characteristics and 
the value of current to be switched. Both of these factors 
are determined by the circuit designer. The shape of the 
transition region is essentially invariant over a broad range 
of conditions, due to the matching of transistor characteris- 
tics inherent with IC technology and because the transistors 
are at the same temperature. The inherent matching of IC 
resistors assures equal voltage swings at the two collectors. 


Emitter-Follower Buffers 


In Figure 1-2, Vo, ranges from Vcc (ground) when Q1 is off 
to approximately —0.90V when Q1 is conducting all of the 
source current. To make these voltage levels compatible 
with the voltages required to drive the input of another cur- 
rent switch, emitter followers are added as shown in the 
buffered current switch (Figure 1-3). In addition to translat- 
ing Voi and Vc2 downward, the emitter followers also iso- 
late the collector nodes from load capacitance and provide 
current gain. Since the output impedance of the emitter fol- 
lowers is low (approximately 79), ECL circuits can drive 
transmission lines—coaxial cables, twisted pairs, and 
etched circuits—having characteristic impedances of 500 


or more. 
! 
! 
Vea 


-1.32 -0.70 


Vv 
< 
° 
oOo 


Vc1 — Qt COLLECTOR VOLTAGE — 





Vin — INPUT VOLTAGE — V 


TL/F/9905-2 
FIGURE 1-2. Vc1-Vin Transition Region 
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Emitter-Follower Buffers (Continued) 


Vcoca 


TL/F/9905-3 
FIGURE 1-3. Buffered Current Switch 


In this buffered current switch, the collectors of Q3 and Q4 
return to a separate ground lead, Vcoca. This separation in- 
sures that any changes in load currents during switching do 
not cause a change in Vcc through the small but finite in- 
ductance of the Vcca bond wire. Voc and Vcca are joined 
together on the leadframe of the package. Outside the 
package, the Vcc and Vcca leads should be connected to 
the common Vcc distribution. 


For internal functions of complex circuits where loading is 
minimal, the buffer transistors are scaled down to maintain 
high switching speeds with modest source currents. For 
service as output buffers, the emitter followers are designed 
for a maximum rated output current of 50 mA. For standard- 
ization of testing, detailed specifications on guaranteed 
min/max output levels apply when an output is loaded with 
502 returned to —2V. The emitter followers have no inter- 
nal pull-down resistors; consequently, there is maximum de- 
sign flexibility when optimizing line terminations and using 
wired-OR techniques for combinatorial logic or data buss- 
ing. 


Multiple Inputs 


The buffered switch of Figure 1-3 is essentially an ECL line 
receiver circuit with the bases of both Q1 and Q2 available 
for receiving differential signals. With one input connected 
to the Vpp terminal, the switch can receive a signal transmit- 
ted in a single-ended mode or it can act as a buffer or logic 
inverter. To perform the OR and NOR of two or more func- 
tions, additional transistors are connected in parallel with 
Q1 as indicated in Figure 7-4. When any input is HIGH, its 
associated transistor conducts the source current and Q2 is 
turned off; this causes the collector of Q1 to go LOW and 
the collector of Q2 to go HIGH, with the emitters of Q3 and 
Q4 following the collectors of Q1 and Q2 respectively. 
When two or more inputs are HIGH, the results are the 
same. Thus, with a HIGH level defined as a True or logic 
“4”" signal, Q3 provides the NOR of the inputs while Q4 
simultaneously provides the OR. In addition to the logic de- 
sign flexibility afforded by the availability of both the asser- 
tion and negation, the Q3 and Q4 outputs can drive both 
conductors of a differential pair for data transmission. Also 
shown in Figure 1-4 are the pull-down resistors, nominally 
50 kQ,, connected between ECL inputs and the negative 
supply. These resistors serve the purpose of holding un- 
used inputs in the LOW state by sinking Icgo current and 
preventing the build-up of charge on input capacitances. Ac- 
cordingly, most non-essential ECL inputs are designed to be 
active HIGH. When such inputs are not used, the pull-down 
resistors eliminate the need for external wiring to hold them 
LOW. 


TL/F/9905-4 
FIGURE 1-4. Input Expansion by Parallel Transistors 


Power Conservation, 
Complementary Functions 


Power dissipation in an ECL circuit is due in part to the 
output load currents and in part to the internal operating 
currents. Load currents depend on system design factors 
and are discussed in Chapter 5. In the basic switch (Figure 
7-1), power dissipation is fixed by the source current and the 
supply voltage, whether the circuit is in a quiescent or tran- 
sient state. There is no mechanism for causing a current 
spike such as occurs in TTL circuits, and thus the power 
dissipation is not a function of switching frequency. 


A distinct advantage of the ECL switch is the ease of form- 
ing both the assertion and negation of a function without 
additional time delay or complexity. This is very significant in 
complex MSI functions, since it helps to maximize the effi- 
ciency of the internal logic while minimizing chip area and 
power consumption. Since most 100K ECL devices have 
complementary outputs, the system designer has similar op- 
portunities to reduce package count and power consump- 
tion while enhancing logic efficiency and reducing through- 
put times. 


Series Gating, Wired-AND 


Quite often in ECL elements, the circuitry required to gener- 
ate functions is much simpler than the detailed logic dia- 
grams suggest. In addition to readily available complemen- 
tary functions and the wired-OR option, other techniques 
providing high performance with low part count are series 
gating and wired collectors. These are illustrated in principle 
by the simplified schematics of Figures 1-5 and 1-6. 





TL/F/9905-5 
FIGURE 1-5. Series/Parallel Gating 


TL/F/9905-6 
FIGURE 1-6. Exclusive-OR/NOR 


In Figure 1-5, if both A and B are HIGH, then Q1 and Q3 
conduct and Is flows through R1, making the collector of Q1 
go LOW, thereby achieving the NAND of A and B. Connect- 
ing the collectors of Q2 and Q4 to the same load resistor 
provides the AND of A and B. If the collectors of Q3 and Q4 
were interchanged, a different pair of functions of A and B 
would be produced. Similarly, a third functional pair is 
achieved by interchanging the collectors of Q1 and Q2. For 
Q3 and Q4 to operate at a lower voltage level than Q1 and 
Q2, the voltage level of B is translated downward from the 
normal ECL levels and V’sp is similarly translated down- 
ward from the Vgg voltage. In the slightly more complex 
circuit in Figure 71-6, another pair of transistors is added to 
obtain the Exclusive-OR and Exclusive-NOR functions. 


Connecting transistors in series is not limited to two levels 
of decision making; three levels are shown in the simplified 
schematic of an octal decoding tree (Figure 1-7). lf the three 
input signals are all HIGH, Qi conducts through Q9 and 
Q13 to make the collector of Q1 LOW. In all, there are eight 
possible paths through which the source current can return 
to the positive supply. A LOW signal at the collector of any 
one of the transistors in the top row represents a unique 
combination of the three input signals. This 1-of-8 decoding 
circuit illustrates very clearly how ECL design techniques 
make the most efficient use of components and power to 
generate complex functions. This same set of switches, with 
the upper collectors wired in two sets of four collectors 
each, generates the binary sum and its complement of the 
three input signals. 


The Current Source, Output 
Regulation 


All elements of the F100K circuits use a transistor current 
source illustrated in Figure 1-8. Source current is deter- 
mined by an internally generated reference voltage Vcs, the 
emitter resistor Rg and the base-emitter voltage of Q5. The 
reference voltage is designed to remain fixed with respect 
to the negative supply Veg, which makes Is independent of 
supply voltage. 


TL/F/9905-7 
FIGURE 1-7. Octal Decoding Tree 


TL/F/9905-8 
FIGURE 1-8. Constant Current Source for a Switch 


Regulating the current source (Is) simplifies system design 
because output voltage and switching parameters are not 
sensitive to Veg changes. Output voltage levels are deter- 
mined primarily by the voltage drops across R1 and R2 re- 
sulting from the collector currents of Q1 and Q2. Since the 
collector current of the conducting transistor (Q1 or Q2) is 
determined by Is and the transistor a, the voltage drop 
across the collector load resistor is not sensitive to Vee 
variations. For example, a 1V change in Veg changes the 
output level Vo, by only 10 mV. 


Switching parameters are affected by transistor characteris- 
tics, the collector resistor (R1 or R2), stray capacitances, 
and the amount of current being switched. In other forms of 
ECL where source currents change with Veg, switching pa- 
rameters are directly affected. This sensitivity is essentially 
eliminated in F100K circuits by regulating Ig against Vee 
changes. 


Power dissipation in an ECL switch is the product of Is and 
Vee. By holding Ig constant with Veg, incremental changes 
in dissipation are linear with Vee changes. In non-regulated 
ECL, Is increases with Vege causing switch dissipation to 
change more rapidly with Veg. 
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Threshold Regulation 


As previously discussed, the input threshold region of an 
ECL switch is centered on the internal reference Vgp. In 
F100K circuits, the on-chip bias driver holds Vgg constant 
with respect to Vcc, thus minimizing changes in input 
thresholds with Veg. For a Veg change of 1V, for example, 
Vep changes by approximately 25 mv. 


With output voltage levels and input thresholds regulated, 
F100K circuits tolerate large differences in Veg between a 
driving and a receiving circuit and still maintain good noise 
margins. For example, a driving circuit operated with —4.2V 
and receiving circuit operated with —5.7V experience no 
LOW state noise margin loss compared to a driver and re- 
ceiver both with Vee = —4.5V. This insensitivity to Vee 
simplifies the design of system power distribution and regu- 
lation. 


Temperature Compensation 


In F100K circuits, input thresholds are made insensitive to 
temperature by regulating Vgg. Output voltage levels are 
made insensitive to temperature by a correction factor de- 
signed into the current source and by a simple network con- 
nected between the bases of the output transistors as 
shown in Figure 1-9. 


TL/F/9905-9 
FIGURE 1-9. Temperature Compensation 


With Q1 conducting and Q2 off, most of the source current 
flows through R1, while a small amount flows through R2, 
D1 and R3. If the chip temperature increases, the source 
current is made to increase, causing an increase in the volt- 
age drop of sufficient magnitude across R1 to offset the 
decrease in base-emitter voltage of Q3. The voltage drop 
across R1 increases with temperature at the rate of approxi- 
mately 1.5 mV/°C, while the voltage drop across D1 de- 
creases at the same rate. This means that there is a net 
voltage increase of 3 mV/°C across the series combination 
of R2 and R3. This increase is equally divided between the 
two resistors since R3 is equal to R2 (and R1); thus the 
voltage at the base of Q4 goes negative by 1.5 mV/°C, off- 
setting the decrease in the base-emitter voltage of Q4. 
When Q2 is on and Q1 is off, the same relationships apply 
except that most of the current flows through R2, and D2 
conducts instead of D1. F100K 300 series change rates for 
Vou; Ves, and Vo. are approximately 0.06, 0.08 and 0.1 
mV/°C, respectively. 


The stabilization of output levels against changes in temper- 
ature provides significant advantages to both the user and 
manufacturer. In testing, an extended thermal stabilization 
period is not required, nor is an elaborate air cooling ar- 
rangement necessary to obtain correlation of test results 
between user and supplier. In a system, the output signal 
swing of a circuit does not depend on its temperature, there- 
fore temperature differences do not cause a mismatch in 
signal levels between various locations. With temperature 
gradients thus eliminated as a system constraint, the design 
of the cooling system is greatly simplified. 


Noise Margins 


The most conservative values of ECL noise margins are 
based on the DC test conditions and limits listed on the data 
sheets. Acceptance limits on Voy and Vo, are identified on 
a symbolic waveform in Figure 1-10, with the boundaries of 
the input threshold region also identified. The HIGH-state 
noise margin is usually defined as the difference between 
VoH(Min) 2nd Vir(min), With the LOW-state margin defined 
as the difference between Vo_(max) and Vi_(Max). These two 
differences are identified as Vy and Vx, respectively. The 
worst case input and output test points are also identified on 
the OR gate transfer function shown in Figure 1-17. The 
transition region indicated by the solid line is applicable 
when the internal reference Vgp has the design center val- 
ue of —1.32V for F100K circuits. The transition regions indi- 
cated by the dashed lines represent the lot-to-lot displace- 
ment resulting from the normal production tolerances on 
Vee, which amount to +40 mV for F100K circuits. Using 
F100K circuit values as an example, the dashed curve on 
the right correlates with a Veg value of —1.280V, and the 
input test voltage Vin(Min) is —1.165V, for a net difference 
of 115 mV. Similarly, the dashed curve on the left applies 
when Vpp is — 1.360V with Vii (Max) specified as — 1.475V, 
which also gives a net difference of 115 mV. The points 
Vouc and Vo._c are commonly referred to as the corner 
points because of their location on the transfer function of 
worst case circuits. 
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OUTPUT VOLTAGE 
LEVEL LIMITS 


INPUT TRANSITION 
REGION LIMITS 
TL/F/9905-10 
FIGURE 1-10. Identifying Specification Limits on 
Input and Output Voltage Levels 


In actual system operation, the noise margins Vyy and Vy 
are quite conservative because of the way VjH(min) and 
ViL(Max) are defined. From the transfer function of Figure 
1-11, for example, ViH(Min) is defined as a value of input 
voltage which causes a worst-case output to decrease from 
VoH(Min) tO Vouc This change in Voy amounts to only 
10 mV for F100K circuits. Thus, if a worst case OR gate has 
a quiescent input of VoH(min), 4 Superimposed negative-go- 
ing disturbance of amplitude Vy causes an output change 
of only 10 mV, assuming that the time duration of the distur- 
bance is sufficient for the OR gate to respond fully. In 





Noise Margins (Continued) 


contrast, a system fault does not occur unless the superim- 
posed noise at the OR input is of sufficient amplitude to 
cause the output response to extend into the threshold re- 
gion(s) of the load(s) driven by the OR gate. In general, 
noise becomes intolerable when it propagates through a 
string of gates and arrives at the input of a regenerative 
circuit (flip-flop, counter, shift register, etc.) with sufficient 
amplitude to reach the Vag level. 


The critical requirement for propagating either a signal or 
noise through a string of gates is that each output must 
exhibit an excursion to the Vgp level of the next gate in the 
String, assuming, of course, that the time duration is suffi- 
cient to allow full response. If the excursion at the input of a 
particular gate either falls short or exceeds Vgp, the effect 
on its output response is magnified by the voltage gain of 
the gate. On the voltage transfer function of a gate, the 
slope in the transition region is not, strictly speaking, con- 
stant. However, for input signal excursions of about 
+50 mV on either side of Vgp, a value of 5.5 may be used 
for the voltage gain. For example, if the noise (or signal) 
excursion at the input of a gate falls short of Vag by 20 mV, 
the gate output response is 110 mV less. Another useful 
relationship is that if the input voltage of a gate is equal to 
Vep; the output voltage is also equal to Vgp, within perhaps 
30 mV. 


To determine the combined effects of circuit and system 
parameters on noise propagation through a string of gates, 
refer to Figure 1-12. The voltages V1 and Vo represent dif- 
ferences in ground potential, while V3 and V4 are Veg differ- 
ences. The output of gate A is in the quiescent LOW state 
and Vp, is a positive-going disturbance voltage. Now, how 
large can Vp, be without causing propagation through gate 


C? For a starting point, assume all three gates are identical 
with typical parameters; Vege is — 4.5V, the ground drops are 
zero, and there are no temperature gradients. Voltage pa- 
rameters of F100K circuits are used. With typical circuits 
and the idealized environment, the maximum tolerable value 
of Vp. for propagation is the difference between the nomi- 
nal Veg of —1.320V and nominal Vo_ of —1.705V, or 385 
mV. The following steps treat each non-ideal factor sepa- 
rately and the required reduction in Vp, is calculated. 


Vout — OUTPUT VOLTAGE — V 





-1.2 -0.8 
Vin — INPUT VOLTAGE — V 


TL/F/9905-11 
FIGURE 1-11. Location of Test Points 
and Threshold on a Transfer Function 
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FIGURE 1-12. Arrangement for Noise 
Propagation Analysis 

Non-Typical Vgg of Gate B: Specifications provide for Vas 
variations of +40 mV. If the Vag of gate B is 40 mV more 
negative than nominal, Vp, must be reduced by the same 
amount. 
AVp, = —40 mV 
Ver = 385 — 40 = 345 mV 
Non-Typical Vo, of Gate A: Vo, limits are —1.620V to 
—1.830V corresponding to the +3o points on the distribu- 
tion. Statistically, this means that 98% of the circuits have 
Vo. values of —1.650V or lower. Since this value differs 
from the nominal Vo_ by 55 mV, Vp, must be reduced ac- 
cordingly. 
AVp_ = —55 mV 
VeL = 345 — 55 = 290 mV 
Difference in Ground (Vcc) Potential between Gates A 
and B: Since the Vcc lead of Gate B is the reference poten- 
tial for input voltages, V; in the polarity shown effectively 
makes the Vo. of Gate A more positive. Minimizing ground 
drops is one of the system designer’s tasks (Chapter 5) and 
its effect on noise margins emphasizes its importance. For 
this analysis, a value of 30 mV is assumed. 
AVp_ = 30 mV 
VpeL = 290 — 30 = 260 mV 
Difference in Veg between Gates A and B: In the polarity 
shown, V3 reduces the supply voltage for Gate A since it is 
assumed that Gate B has Veg of —4.5V. The indicated po- 
larities of Vj and V3 seem to be in conflict if it is assumed 
that V3 represents only ohmic drops along the Veg bus. 
Since V3 may, however, be caused by the use of different 
power supplies or regulators as well as by ohmic drops, the 
polarities may exist as indicated. In any actual situation, the 
designer can usually predict the directions of supply current 
flow by observation of the physical arrangement. As men- 
tioned earlier, a 1V change in Veg causes a Vo, change 
30 mV, or 3%. Assuming a value of 0.5V for V3 and adding 
the 30 mV of Vj, the net reduction in supply voltage for Gate 
A is 0.53V. Using 3% of this reduction as the change in VoL 
gives a positive Vo, shift of 16 mV, which is a reduction of 
noise margin. 
AVp_ = —16mV 
Vp_ = 260 — 16 = 244mV 
If the net supply voltage of Gate A is assumed to be —4.5V, 
then V1 and V3 cause Gate B to have a greater supply volt- 
age. This, in turn, causes the Vgg of Gate B to go more 
negative at the rate of 25 mV/V of Veg change, or 2.5%. 
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Noise Margins (Continued) 


Thus, for the same values of V1 and V3, the required reduc- 
tion of Vp. is only 13 mV instead of the 16 mV computed 
above. 


Non-Typical Vgp of Gate B: This was considered earlier 
for its effect at the input of Gate B. It must also be consid- 
ered for its effect on the excursions of the output voltage of 
Gate B. Since the net input voltage of Gate B (Vo_ + Vp_) 
reaches the Vgp level of Gate B, the output excursion also 
extends to the Vgp level and perhaps 30 mV beyond (more 
negative). This means that the output excursion of Gate B 
could be 90 mV more negative than the nominal Veg of 
Gate C. This excess excursion must be divided by the volt- 
age gain of Gate B to determine exactly how much Vp. 
must be reduced as compensation. 

AVpt = —90/5.5 = —16mV 

VpeL = 244 — 16 = 228 mV 

Non-Typical Vgpg of Gate C: The Vgg of Gate C could be 
40 mV more positive than the nominal value of —1.320V. 
Dividing by the voltage gain of Gate B gives the necessary 
reduction of Vp,. 

AVp, = —40/5.5 = —7mvV 

Vp_L = 228 — 7 = 221 mV 

Difference in Vcc Potential between Gates B and C: For 
the polarity shown, V2 makes the net voltage at the C input 
more negative with respect to the Vcc lead of Gate C. As- 
sume 30 mV for Vo as was done for V4. 

AVp_ = —30/5.5 = —5.0 mV 

VeL = 217-5 = 212 mV 

Difference in Veg between Gates B and C: In the polarity 
shown, V4 reduces the supply voltage for Gate C, as does 


Vo. As previously mentioned, Vag changes with Veg at a 
rate of 25 mV/V, or 2.5%. Assuming a value of 0.5V for V4, 


as was done for Vo, adding Vo gives a net Veg reduction of 
0.53V. This makes the Veg of Gate C about 13 mV more 
positive, with respect to its own Vcc lead. This must be 
divided by the gain of Gate B to determine the effect on the 
permissible value of Vpt. 

AVp_ = —13/5.5 = —2mV 

VpL = 212 —- 2 = 210 mV 

At this point the more conservatively defined Vu, (Figure 
7-10) should be evaluated and compared with Vp_. Sub- 
tracting the values of Vo_(Max) and Vi_(Max), a value of 
145 mV for Vx is obtained. 


The primary advantage of using Vyy and Vyy_ as the limits 
of tolerable noise is that they provide for simultaneous ap- 
pearance of noise on inputs and outputs. Whatever the sys- 
tem designer’s preference regarding noise margin defini- 
tions, the important factor is to recognize that the AVcc and 
AVege between devices decrease the noise margins and 
therefore should be minimized. 


References 


1. Marley, R.R., ‘““On-Chip Temperature Compensation for 
ECL”, Electronic Products, (March 1, 1971). 

2. Marley, R.R., “Design Considerations of Temperature 
Compensated ECL,” /EEE International Convention, 
(March, 1971). 

3. Widlar, R.J., “Local IC Regulator for Logic Circuits,” Com- 
puter Design, (May, 1971). 

4. Widlar, R.J., “New Developments in IC Voltage Regula- 
tors,’ /SSCC Digest of Technical Papers, (February, 
1970). 

5. Muller, H.H., Owens, W.K., Verhofstadt, P.W.J., “Fully 
Compensated ECL,” /SSCC Digest of Technical Papers, 
(February, 1973). 





ZA National 


Semiconductor 


Chapter 2 
Logic Design 


Introduction 


The F100K family is comprised of SSI, MSI, LSI, logic func- 
tions, gate arrays, BICMOS SRAMs, and PALs. The latest 
addition to the F100K family is the 300 Series. 300 Series 
devices are functionally equivalent redesigns of existing 
F100K devices, but with added enhancements such as: low- 
er power, PCC packaging, extended operating voltage 
range, military versions and ESD protection of 2000V (mini- 
mum). 

This chapter covers basic gates and flip-flops, as well as 
applications using MS! functions. In most cases a 300 Se- 
ries redesign is available in place of the referenced 100 
Series part. Refer to the Applications section of this data- 
book for the latest publications using ECL logic. Gate Ar- 
rays, PALs, and MSI are covered in separate publications. 
All BICMOS SRAM applications are included in the Memory 
Databook. 

National F100K ECL logic symbols use the positive logic or 
“active-HIGH” option of MIL-STD-806B. Logic ‘1’ or “‘ac- 
tive-High’”’ is the more positive voltage, nearest ground (typi- 
cally —0.955V). Logic ‘0’ or ‘‘active-LOW” is the more neg- 
ative level, nearest Veg (typically —1.705V). 


OR/NOR Gates 


The most basic F100K ECL circuit is the OR/NOR gate (Fig- 
ure 2-1). \f the input (A or B) voltages are more negative 
than the reference voltage Vag, Q1 and Q2 are cut off (non- 
conducting) and Q3 conducts, holding the collector of Q3 


VCCA 


VEE 


TL/F/9899-1 
FIGURE 2-1. Basic ECL Gate 


LOW. Since the base of Q4 is LOW, the pull-down resistor 
or terminator connected to its emitter makes the OR output 
LOW. The base of Q5 is HIGH (near ground) and its emitter 
pulls the NOR output HIGH. If either input is more positive 
than Vep, Q1 or Q2 conducts and Q3 is cut off. This makes 
the base of Q4 HIGH, resulting in a HIGH at the OR output. 
At the same time, the base of Q5 is LOW and the pull-down 
resistors or terminator pulls the NOR output LOW. Detailed 
information concerning F100K ECL circuit basics may be 
found in Chapter 1. 

The F100K family includes two OR/NOR-gate devices. The 
100301 is a triple 5-inpbut OR/NOR and the 100302 is a 
quint 2-input OR/NOR with common enable. One element 
of the 100302 is shown in Figure 2-2, the corresponding 
truth table is Table 2-1. 


Dix 


TO FOUR 
OTHER GATES 


TL/F/9899~2 
FIGURE 2-2. 100302 OR/NOR Gate 


TABLE 2-1. 100302 Truth Table 


eraceeacle 
ceessssrlp 
-reeeens 





H = HIGH Voltage Level 
L = LOW Voltage Level 


Wired-OR Function 


A wired-OR function can be implemented simply by con- 
necting the appropriate outputs external to the package 
(see Figure 2-3 ). Each output is buffered so that the internal 
logic is not affected by the wire-OR. This is a positive logic 
OR, not to be confused with a DTL wired-AND or the inter- 
nal series gating used for some ECL functions. This wired- 
OR is especially useful in implementing data busses. For 
further information see Chapter 4. 
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Wired-OR Function (continued) 


F F=(A+8)+ (C+D) 
=A+B+C+D 
=AeBeCeD 


TL/F/9899-3 


TL/F/9899-4 


G = (A+B) + (C+D) 
= (AB) +C+D 
F = A+B + C+D 
= A+B + (CD) 
G 


TL/F/9899-5 
FIGURE 2-3. Wired-OR Function 


AND Function 


The positive logic AND function is directly available in 
F100K ECL (100304). There are two other approaches 
which can be taken to solve the problem of implementing an 
AND. 


The first solution is indicated in Figure 2-4. A positive logic 
OR gate can be redrawn as a negative logic AND gate. To 
take advantage of this requires active-LOW input terms; but, 
since practically every F100K circuit provides complementa- 
ry outputs, this should not be a problem. 


Dix 
Dox 
D3x 
Dax 
Dsx 


TL/F/9899-6 
FIGURE 2-4. 100301 Redrawn as AND/NAND Gate 


Exclusive-OR/Exclusive-NOR Gate 


The 100307 is a quint exclusive OR/NOR gate. In addition 
to providing the exclusive-OR/exclusive-NOR of the five in- 
put pairs, a comparison output is available. If the five pairs 
of inputs are identical, bit by bit, then the common output 
will be LOW. 


Flip-Flops and Latches 


Flip-flops and latches are treated together due to their simi- 
larity. The only difference is that latch outputs follow the 
inputs whenever the enable is LOW, whereas a flip-flop 
changes output states only on the LOW-to-HIGH clock tran- 
sition. 

The advantage of an edge-triggered flip-flop is that the out- 
puts are stable except while the clock is rising; a latch has 
better data-to-output propagation delay while the enable is 
kept active. 
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Both latches and flip-flops are available three to a package 
with individual as well as common controls and six to a 
package with only common controls. There are a total of 
three parts as indicated below. 


Triple w/Individual | Hex w/Common 
Controls Controls 


100331 100351 
[batcres | 


100350 
Figure 2-5 shows the equivalent logic diagram of 1 of an 
100331. The internal clock is the OR of two clock inputs, 
one common to the other two flip-flops. The OR clock input 
permits common or individual control of the three flip-flops. 
In addition, one input may be used as a clock input and the 
other as an active-LOW enable. 


When the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The transition from LOW to HIGH locks the master in its 
present state making it insensitive to the D input. This tran- 
sition simultaneously connects the slave to the master, 
causing the new information to appear at the outputs. Mas- 
ter and slave clock thresholds are internally offset in oppo- 
site directions to avoid race conditions or simultaneous 
master/slave changes when the clock has slow rise or fall 
times. 

The Clear and Set Direct for each flip-flop are the OR of two 
inputs, one common to the other two flip-flops. The output 
levels of a flip-flop are unpredictable if both the Set and 
Clear Direct inputs are active. 

The outputs of all F100K flip-flops and latches are buffered. 
This means that they can be OR-wired; noise appearing on 
the outputs cannot affect the state of the internal latches. 


Table 2-2 is the truth table for the 100331 flip-flop. 
TABLE 2-2. 100331 Truth Table 


eee ee ee ee 


L 
L 
L 
L 
L 
L 
H 
L 
H 


mol adie 


= HIGH Voltage Level 
= LOW Voltage Level 
Don't Care 
Undefined 
, t + 1 = Time before and after CP positive transition 


If eight flip-flops are desired, such as for pipeline register 
applications, the 100341 Shift Register can be used. Neither 
reset nor complementary outputs are available. The Select 
inputs may be used to mechanize a clock enable as shown 
in Figure 2-6. 
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FIGURE 2-5. 100331 D Flip-Flop 
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TL/F/9899-9 
FIGURE 2-6. 100341 as Octal D Flip-Flop 


Counters 


The 100336 operates either as a modulo-16 up/down coun- 
ter or as a 4-bit bidirectional shift register. It has three Select 
inputs which determine the mode of operation as shown in 
Table 2-3. In addition, a Terminal Count output, and two 
Count Enables are provided for easy expansion to longer 
counters. A detailed truth table for the 100336 is included in 
the specification sheet. To achieve the highest possible 
speed, complementary outputs should be equally terminat- 
ed, i.e., if Qo is used, Qo should be equally terminated even . 
if not used. If neither output of a particular stage is used, 
then both outputs can be left open. 


TABLE 2-3. 100336 Function Select Table 


Parallel Load 
Complement 
Shift to LSB 
Shift to MSB 
Count Down 
Clear 

Count Up 
Hold 


L 
H 
L 
H 
L 
H 
L 
H 





H = HIGH Voltage Level 
L = LOW Voltage Level 
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VARIABLE MODULUS COUNTERS 


A 100336 can act as a programmable divider by presetting it 
via the parallel inputs, counting down to minimum and then 
presetting it again to start the next cycle. Figure 2-7 shows a 
one-stage counter capable of dividing by 2 to 15. Sg and S; 
are unconnected (therefore LOW) and the counter thus is in 
either the Count Down or Parallel Load mode, depending on 
whether So is HIGH or LOW, respectively. CEP and CET are 
also LOW, enabling counting when So is HIGH. Immediately 
after the counter is preset to N, which must be greater than 
one, the LOAD signal goes HIGH and the 100336 starts 
counting down on the next clock. When it counts down to 
one, the LOAD signal goes LOW and presetting will occur 
on the next clock rising edge. Generating the LOAD signal 
on the count of one, rather than zero, makes up for the 
clock pulse used in presetting. 








PRESET N 


i Po-P3 
S: 


2 







100336 fouT = fin + N 


fin——»] CP 
Qo Qi Q2 Q3 






fout 


TL/F/9899-10 
FIGURE 2-7. 1-Stage Counter 
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Counters (Continued) 


A 3-stage programmable divider is shown in Figure 2-8. The 
TC output of the first stage enables counting in the upper 
stages, while the TC output of the second stage also en- 
ables counting in the third stage. The D-input signal to the 
flip-flop is normally HIGH and thus Q is normally LOW. 
When both the second and third stage counters have count- 
ed down to zero, the TC output of the third stage goes LOW. 
When the first stage subsequently counts down to one, the 
D signal goes LOW, as does LOAD. Presetting thus occurs 
on the next clock and Q goes HIGH to end the LOAD signal 
and permit counting to resume on the next clock. 


In Figure 2-7, the maximum clock frequency is determined 
by the sum of the propagation delays from CP to Q and the 
OR gate, plus the setup time from S to CP. The maximum 
frequency is approximately 220 MHz for typical units or 
170 MHz for worst-case units. In Figure 2-8 the critical path 
is CP to Q of the first stage plus both OR gates, plus 








PRESET N 


the S to CP set-up time of the counters. Typical and worst- 
case maximum frequencies are 190 MHz and 140 MHz re- 
spectively. 


INTERCONNECTING COUNTERS 


The terminal count and count enable connections provide 
an easy method of interconnecting the 100336 counter to 
achieve longer counts. Figure 2-9 shows a method that 
uses few connections but has a drawback. The counters are 
fully synchronous, since the clock arrives at all devices at 
the same time; the only drawback is that the count enables 
have to “trickle” down the chain. This results in a lower 
maximum counting rate since it drastically increases the set- 
up time from enable to clock. 


Figure 2-10 shows a method for partially overcoming these 
drawbacks. The enable to clock set-up is now one CET to 
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FIGURE 2-9. Slow Expansion Scheme 


COUNT 


ENABLE 100336 100336 





CLOCK 





Tc 















0 OYCET 100336 100336 


TL/F/9899-29 


FIGURE 2-10. Fast Expansion Scheme 
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Counters (Continued) 


TC propagation delay plus one CEP to CP set-up. The count 
speed is thus increased. This is best seen by assuming that 
all stages except the second are at terminal count. At the 
next clock pulse, the second counter reaches terminal 
count and the first stage exits terminal count. The command 
to suppress counting in the third and fourth (and subse- 
quent) stages arrives very quickly (via CEP). The terminal 
count from the second stage propagates via TC and CEP to 
the high order stages, but has a full 15 counts to do so. 


DECODING OUTPUTS 


Since the complementary outputs from each stage are 
available, it is an easy matter to decode any value. (Clearly, 
if many values needed to be decoded one would choose a 
decoder chip.) Figure 2-11 shows a 100336 and 14 100301 
interconnected to decode 1001 (NINE). Both complementa- 
ry outputs of NINE are available and there is a spare input 
on the decoding gate. 


100336 
Qo Q; Q2 Q3 
.) ) 


1/3 100301 


TL/F/9899-13 
FIGURE 2-11. Decoding States of 100336 


Shift Registers 

The 100341 is an 8-bit universal shift register. It can be used 
for parallel-to-serial or serial-to-parallel conversion and it will 
shift left or right. The truth table is shown in Table 2-4. 


TABLE 2-4. 100341 Truth Table 


Parallel Load 

Shift to MSB (Q9 —> Q7) 
Shift to LSB (Q7 — Qo) 
Hold 





IGH Voltage Level 
OW Voltage Level 
Don’t Care 


Figure 2-12 shows the 100341 used as a 7-bit serial-to-par- 
allel converter. When Initialize (INIT) becomes active, the 


CLOCK 


COUNT 


SERIAL- 
OATA-ACPT 


PARALLEL- 
DATA-RQST 


PARALLEL- 
DATA-RDY 


next clock pulse presets the register to ‘10000000’, and 
Register-Full (REG-FULL) becomes inactive. Each time a 
data bit becomes available, Data-Available (DATA-AVAIL) 
must be made active during one clock LOW-to-HIGH tran- 
sition. This clocks the bit into the register moves the flag bit 
closer to Qo. When the seventh data bit is entered, the flag 
bit reaches Qo and REG-FULL becomes active. The seven 
data bits may be removed at this time (Q; to Q7) and the 
conversion is complete. 


SERIAL 


D7 P7 Pe Ps Pa P3 P2 Pi Po 
cp 
100341 


Q7 Qe Qs Qa Q3 Q2 Qi Qo 


PARALLEL DATA 
REG-FULL 


TL/F/9899-14 
FIGURE 2-12. Serial-to-Parallel Conversion 
Table 2-5 summarizes the control inputs and corresponding 
100341 modes for this circuit. 


TABLE 2-5. Select Inputs Truth Table 


LI | oaTwavan { $1 | > | Mode _| 


Hold 
: Shift to LSB 
‘ Preset 
(Illegal) 


= HIGH Voltage Level 

= LOW Voltage Level 
Figure 2-14 shows a parallel-to-serial converter using the 
100336 counter. Figure 2-13 shows the associated timing 
diagram. Each time the external device has taken a bit of 
data, it makes the signal Serial-Data-Accept (SERIAL- 
DATA-ACPT) HIGH. The shift register shifts right which 
makes the next bit available and the counter counts up. The 
Serial-Data-Accept term must be synchronized with the 
clock. The counter counts to eight after the eighth data bit 
has been accepted and Parallel-Data-Request (PARALLEL- 
DATA-RQST) becomes active HIGH. When the device sup- 
plying data makes the next byte available, Parailel-Data- 
Ready (PARALLEL-DATA-RDY) goes HIGH. On the next 
clock pulse the shift register loads the new data byte and 
the counter clears to zero. Table 2-6 shows the operating 
mode as a function of the control inputs. 


TL/F/9899-15 


FIGURE 2-13. Timing Diagram Parallel-to-Serial Converter 
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Shift Registers (Continued) 


TABLE 2-6. Parallel-to-Serial Converter Truth Table 


PARALLEL- SERIAL- Shift Register 


L L Hold Hold 
L H Shift to LSB Count Up 
H L Load 


H = HIGH Voltage Level 
L = LOW Voltage Level 


PARALLEL DATA 


CLOCK 


SERIAL- 100341 
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PARALLEL- 

DATA-RQST 

TL/F/9899-16 
FIGURE 2-14. Parallel-to-Serial Converter 


Multiplexers 


Multiplexers send one of several inputs to a single output. 
The function can be implemented with standard gates or 
bus drivers and the wired-OR connection. Figure 2-15 
shows the 100323 Hex Bus Driver used as a wired-OR mul- 
tiplexer. The 100323 devices could be in physically different 
parts of the system, since they can drive double-terminated 
busses. 

The 100355 is a quad 2-input multiplexer with transparent 
latches. The device has two.select terms and can accept 
data from either, neither, or both (OR) sources. 

The 100363 is a dual 8-input multiplexer with common se- 
lects. The 100364 is a single 16-input multiplexer. 


’ SELECT 


TL/F/9899-17 
FIGURE 2-15. Wired-OR Multiplexer 


The 100363 and 100364 do not feature complementary out- 
puts or an enable for wired-ORing. The 100371 is a triple 4- 
input multiplexer with enable and complementary outputs. 


Figure 2-16 shows an 100364 multiplexer and 100336 con- 
nected to convert 16-bit parallel data to single-bit serial 
data. A gate is added to provide complementary serial data. 
If the input data is stable, then the output data is stable from 
6.4 ns after a clock until 2.5 ns after the next clock. This 
would insure valid data 50% of the time at a clock rate of 
100 MHz. Terminal Count on the counter can be used as a 
term to indicate the last bit is being transmitted. This can be 
used as a clock enable to the register containing the parallel 
data. The propagation delay through the register is masked 
by the propagation delay through the counter. 








Multiplexers (Continued) 
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FIGURE 2-16. Parallel-to-Serial Data Transmission 


Decoder 


The 100370 is a universal demultiplexer/decoder. It can 
function as either a dual 1-of-4 decoder or as a single 1-of-8 
decoder. The outputs can be either active HIGH or active 
LOW. 


If the M input is LOW, then the 100370 is configured as a 
dual 1-of-4 decoder. Both Azgg and H, must be LOW. Table 
2-7 is a truth table for each half of the 100370; the two 
halves are completely independent. The truth table is shown 
for active-HIGH outputs; for active-LOW outputs, H, is made 
LOW. 


TABLE 2-7 Dual 1-of-4 Mode Truth Table 


Active-HIGH Outputs 
(Hg and Hp Inputs HIGH) 





= Avg = Ho = LOW 
= HIGH Voltage Level 
=LOW Voltage Level 
= Don’t Care 
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TABLE 2-8. Single 1-of-8 Mode Truth Table 


| tmputs | Active-HIGH Outputs 


(He Input HIGH) 


[Aza Ata Aoa| Zo Z1 22 23 24 25 26 











27 

















H X|X X XjfeEbRLLEL LL LLL 
X H]| X X X]ELEULL EL ELL 
L Ly] tb L LIJH EEL ELE LE eL 
L L]} bE L HyJYL HELE EL EL LL 
L L]} LC H LYLE LEH ELE LL 
L L] LC H HILL LL AHL ELLE 
L L]H ELE EYbt & bE bE He LL 
L L}H LCL HIJL ELLE LAH LL 
L L}H H LEYte b&b EL EL HEL 
L L}H H HYyYtL LL LL -E LH 





M = HIGH; 

Aob = Atb = Ha = Hp = LOW 

Ey = Eta and Eyp Wired; Ep = Eog and Eop Wired 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 


lf the M input is HIGH, then the 100370 is configured as a 
single 1-of-8 decoder. App, Aip, Ha, and Hp must all be 
LOW. Table 2-8 is a truth table for the 100370 in single 
1-of-8 mode. The truth table is shown for active-HIGH out- 
puts; for active-LOW outputs, Hc is mode LOW. 
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Decoder (Continued) 


Figure 2-17 and Table 2-9 show a universal decimal decod- 
er and the decode table, respectively. The sense of the out- 
puts can be easily modified. The entire decoder may be 
enabled with a LOW at the Function input. 


Figure 2-18 shows a scheme to decode five lines with a 
1-of-32 decoder. Inputs Ag, Ay, and Aa are connected to the 
address select inputs of all four decoders in parallel. Both 
the true and complement of the two high order addresses 
are formed and then ANDed together at the decoder enable 
inputs. 

Figure 2-19 shows a 1-of-64 decoder which uses the LOW 
outputs of one 100370 to enable one-of-eight 100370 devic- 
es whose address inputs are connected together. The un- 
used enable inputs may be used to enable all 64 outputs. 
The 64 outputs may be either active HIGH or LOW. The 
propagation delay from address to any output is 4.5 ns max- 
imum. 
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TABLE 2-9. Output Selection 
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FIGURE 2-18. 1-of-32 Decoder 








Decoder (Continued) 
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FIGURE 2-19. 1-of-64 Decoder 


Parity Generator/Checker 


The 100360 is a dual 9-bit parity checker/generator. The 
output (of each section) is HIGH when an even number of 
inputs are HIGH. Thus, to generate odd parity on eight bits, 
the ninth input would be held HIGH. One of the nine inputs 
on each half has a shorter propagation (la, Ip) delay and is 
thus preferred for expansion. 

Figure 2-20 shows how to build a 16-bit parity checker using 
a single 100360. The typical propagation delay from the 
longest input is 4.05 ns. This circuit can be turned into a 
parity generator by replacing “‘P” at input Ih with a LOW or 
HIGH for even or odd parity, respectively. 
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TL/F/9899-25 
FIGURE 2-20. 16-Bit Parity Checker/Generator 
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TTL/F100K Interfacing— 


Translators 


The problem of mixing F100K ECL logic levels with TTL 
logic levels can be easily overcome with the use of level 
translators. Level translators are designed to convert the 
input level of one logic family to a level which is consistent 
with that of another logic family. This enables designers to 
take advantage of the high speeds offered by F100K ECL in 
critical system paths and to use other logic families in areas 
where speed is not as essential. National’s wide range of 
level translators offer designers a solution for most level 
translation applications. 

For more information on translators, see Application Note 
784 “F100K ECL Dual Rail Translators’’ and Application 
Note 780 “Operating ECL from a Single Positive Supply”. 
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10K/F100K Interfacing 


The problem caused by mixing 10K ECL and F100K ECL is 
illustrated in Figures 2-21 and 2-22. 10K output levels and 
input thresholds vary with temperature whereas F100K lev- 
els and thresholds remain essentially constant. This means 
that the noise margins vary with temperature, even if the 
temperatures of the driving and receiving circuits track. Per- 
haps the worst case is shown in Figure 2-22, which illus- 
trates F100K driving 10K. 
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FIGURE 2-21. 10K ECL Driving 100K ECL 


At +75°C, the high margins are seen to be less than 
100 mV. Clearly this would not represent acceptable DC 
margins in any real system. 

If the use of 10K ECL in an F100K system is unavoidable, it 
is recommended that all interfacing be done differentially. 
This is illustrated in Figure 2-23 which is applicable for either 
direction. 
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FIGURE 2-22. 100K ECL Driving 10K ECL 
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FIGURE 2-23. Interfacing 10K and F100K 
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Chapter 3 
Transmission Line Concepts 


Introduction 


The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter- 
connections as transmission lines. A brief review of basic 
concepts is presented and simplified methods of analysis 
are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 


Simplifying Assumptions 

For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir- 
cumstances allow such factors as attenuation, phase distor- 
tion, and bandwidth limitations to be ignored. With these 
simplifications, interconnections can be dealt with in terms 
of characteristic impedance and propagation delay. 


Characteristic Impedance 


The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. 
For any length in which these distributed parameters are 
constant, the pair of conductors have a characteristic im- 
pedance Zp. Whereas quiescent conditions on the line are 
determined by the circuits and terminations, Zo is the ratio 
of transient voltage to transient current passing by a point 
on the line when a signal charge or other electrical distur- 
bance occurs. The relationship between transient voltage, 
transient current, characteristic impedance, and the distrib- 
uted parameters is expressed as follows: 


Vv Lo 

—=7,) = ,/— 3-1 
o=4 Co (3-1) 
where Lo = inductance per unit length, Co = capacitance 


per unit length. Zo is in ohms, Lo in Henries, Co in Farads. 


Propagation Velocity 


Propagation velocity v and its reciprocal, delay per unit 
length 6, can also be expressed in terms of Lg and Co. A 
consistent set of units is nanoseconds, microhenries and 
picofarads, with a common unit of length. 


1 
=o & = VLoC 

EeCe 0v0 
Equations 3-1 and 3-2 provide a convenient means of deter- 
mining the Lg and Co, of a line when delay, length and im- 
pedance are known. For a length /and delay T, 6 is the ratio 
T//. To determine Lp and Co, combine Equations 3-71 and 
3-2. 


v (3-2) 


Lo = 8Zp (3-3) 
5 

C= — 3-4 

0 Zo (3-4) 


More formal treatments of transmission line characteristics, 
including loss effects, are available from many sources.1-3 


Termination and Reflection 


A transmission line with a terminating resistor is shown in 
Figure 3-1. As indicated, a positive step function voltage 
travels from left to right. To keep track of reflection polari- 
ties, it is convenient to consider the lower conductor as the 
voltage reference and to think in terms of current flow in the 
top conductor only. The generator is assumed to have zero 
internal impedance. The initial current |; is determined by V, 
and Zp. 


V1,14 ——> 





LINE LENGTH = | DELAY =T= 15 
TL/F/9900-1 
FIGURE 3-1. Assigned Polarities and 


Directions for Determining Reflections 


If the terminating resistor matches the line impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm’s law, 
always prevail at Rr. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and Rr had been connected directly across the terminals of 
the generator. From the Ry viewpoint, the only thing the line 
did was delay the arrival of the voltage step by the amount 
of time T. 

When Ry is not equal to Zo, the initial current starting down 
the line is still determined by V1 and Zo but the final steady 
state current, after all reflections have died out, is deter- 
mined by V1 and Rr (ohmic resistance of the line is as- 
sumed to be negligible). The ratio of voltage to current in the 
initial wave is not equal to the ratio of voltage to current 
demanded by Rr. Therefore, at the instant the initial wave 
arrives at Ry, another voltage and current wave must be 
generated so that Ohm’s law is satisfied at the line- 
load interface. This reflected wave, indicated by V, and |; in 
Figure 3-1, starts to return toward the generator. Applying 
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Transmission Line Concepts 


Termination and Reflection (Continued) 


Kirchoff’s laws to the end of the line at the instant the initial 
wave arrives, results in the following. 


1, + 1, = ly = current into Ry (3-5) 
Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 


VitVp,=VtT 
thus ;=— =—— 3-6 
u T Ry Ry (3-6) 
Vi Vr 
also ly == andl, = -— 
1 re t Zp 


with the minus sign indicating that V, is moving toward the 
generator. 
Combining the foregoing relationships algebraically and 
solving for V, yields a simplified expression in terms of V1, 
Zo and Rr. 


Ne NA irs Bags Me 
Zo 6Zo Rr Rr Rr 

1 1 1 1 
v,(—-—)=v,(—+— 3-7 
i(s =) (ze x) 67) 

oe 

V, = V1 | —@—— = ] = pLV 
r 1 (He PLV14 


The term in parenthesis is called the coefficient of reflection 
p. With Ry ranging between zero (shorted line) and infinity 
(open line), the coefficient ranges between —1 and +1 re- 
spectively. The subscript L indicates that p refers to the 
coefficient at the load end of the line. 


Equation 3-7 expresses the amount of voltage sent back 
down the line, and since 

Vr = Vi + Ve 
then Vr = Vi (1 + py). 
Vy can also be determined from an expression which does 
not require the preliminary step of calculating p,_. Manipulat- 
ing (1 + py) results in 


(3-8) 


Rt — Zo ( Rr ) 
th pp = 1 + = = 2 | 
PL Rr + Zo Rr + Zo 
Substituting in Equation 3-8 gives 
Rt ) 
V7 = 2(——— ] V 3-9 
T (a a 7 a (3-9) 


The foregoing has the same form as a simple voltage divid- 
er involving a generator V, with internal impedance Zo driv- 
ing a load Ry, except that the amplitude of V7 is doubled. 


The arrow indicating the direction of V; in Figure 3-7 correct- 
ly indicates the V, direction of travel, but the direction of |, 
flow depends on the V, polarity. If V; is positive, |, flows 
toward the generator, opposing ly. This relationship be- 
tween the polarity of V; and the direction of I, can be de- 
duced by noting in Equation 3-7 that if V, is positive it is 
because Ry is greater than Zo. In turn, this means that the 
initial current |, is larger than the final quiescent current, 
dictated by V; and Rr. Hence, |, must oppose |; to reduce 
the line current to the final quiescent value. Similar reason- 
ing shows that if V, is negative, |, flows in the same direction 
as |}. 
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It is sometimes easier to determine the effect of V; on line 
conditions by thinking of it as an independent voltage gener- 
ator in series with Ry. With this concept, the direction of |; is 
immediately apparent; its magnitude, however, is the ratio of 
V, to Zp, i.e., Rt is already accounted for in the magnitude of 
V,. The relationships between incident and reflected signals 
are represented in Figure 3-2 for both cases of mismatch 
between Rr and Zo. 


The incident wave is shown in Figure 3-2Za, before it has 
reached the end of the line. In Figure 3-2b, a positive V, is 
returning to the generator. To the left of V, the current is still 
11, flowing to the right, while to the right of V,; the net current 
in the line is the difference between I, and |. In Figure 3-2c, 
the reflection coefficient is negative, producing a negative 
V,. This, in turn, causes an increase in the amount of current 
flowing to the right behind the V, wave. 


Vv 
Vi,14—_——> 
v4 
t<T 
l DISTANCE 
TL/F/9900-2 
a. Incident Wave 
Vr a y= fr 
hy 
—> 
V4 


Vr 


TL/F/9900-3 
b. Reflected Wave for Ry > Zo 





TL/F/9900-4 


c. Reflected Wave for Rr < Zg 
FIGURE 3-2. Reflections for Ry + Zo 


Source Impedance, Multiple Reflections 


When a reflected voltage arrives back at the source (gener- 
ator), the reflection coefficient at the source determines the 
response to V,;. The coefficient of reflection at the source is 
governed by Zg and the source resistance Rs. 
_ Rs ~ 20 

Rs + Zo 
If the source impedance matches the line impedance, a re- 
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 
V7 = Vi + Vrpandly = 1, —- I, (3-11) 
If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis- 
matched on both ends is shown in Figure 3-3. The source is 
a step function of 1V amplitude occurring at time to. The 
initial value of V1 starting down the line is 0.75V due to the 
voltage divider action of Zg and Rs. The time scale in the 
photograph shows that the line delay is approximately 6 ns. 
Since neither end of the line is terminated in its characteris- 
tic impedance, multiple reflections occur. 
The amplitude and persistence of the ringing shown in Fig- 
ure 3-3 become greater with increasing mismatch between 
the line impedance and source and load impedances. Re- 


Ps (3-10) 





Rs =310 2Z9=932 
Vo Rr = 0 
1V 
V4 Vr 
TL/F/9900-5 
31 — 93 oo — 93 
= —— = -05 = =+1 
Ps~3y 403° PL wo +93 
Zo 93 
itially: V7) = ——2— Vp =$ —— 0 1 = 0. 
Initially: V4 Z + Ais 0 oa | 0.75V 





H = 20 ns/div 
V=0.5 Vidiv 


TL/F/9900-6 
FIGURE 3-3. Multiple Reflections Due to 
Mismatch at Load and Source 
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ducing Rs (Figure 3-3) to 139. increases ps to —0.75V, and 
the effects are illustrated in Figure 3-4. The initial value of 
Vr is 1.8V with a reflection of 0.9V from the open end. When 
this reflection reaches the source, a reflection of 0.9V x 
-—0.75V starts back toward the open end. Thus, the second 
increment of voltage arriving at the open end is negative 
going. In turn, a negative-going reflection of O.9V x —0.75V 
starts back toward the source. This negative increment is 
again multiplied by —0.75 at the source and returned 
toward the open end. It can be deduced that the difference 
in amplitude between the first two positive peaks observed 
at the open end is 


V7 — Vit = (1 + pL) V4 — (1 + pL) V4 pA p2s 
= (1 + pi) V1 (1 — p21 p2s). 
The factor (1 — p2, p2s) is similar to the damping factor 


associated with lumped constant circuitry. It expresses the 
attenuation of successive positive or negative peaks of ring- 


ing. 


(3-12) 


+ Vr 





H = 20 ns/div 
V =0.4 Vidiv 
TL/F/9900-7 
FIGURE 3-4. Extended Ringing when Rs 
of Figure 3-3 is Reduced to 130 


Lattice Diagram 


In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 
ends becomes a bookkeeping chore. A convenient and sys- 
tematic method of indicating the conditions which combines 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram.4 A lattice diagram for the line condi- 
tions of Figure 3-3 is shown in Figure 3-5. 


The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at to for V1 and T for Vy. The 
diagonal lines indicate the incremental voltages traveling 
between the ends of the line; solid lines are used for posi- 
tive voltages and dashed lines for negative. It is helpful to 
write the reflection and transmission multipliers p and 
(1+ p) at each vertical line, and to tabulate the incremental 
and net voltages in columns alongside the vertical lines. 
Both the lattice diagram and the waveform photograph 
show that Vy and V7 asymptotically approach 1V, as they 
must with a 1V source driving an open-ended line. 
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Lattice Diagram (continued) 




















(1+p)= +0.5 (+p)= +2 
SUM: SUM: 
+0.75V 
+1.50V 
+0.375 V 
+1.125V 
-0.75V 
+0.75V 
— 0.188 V 
+0.937V 
+0.375V 
$1,125 V 
+0.094V 
+1.031V 
—0.188 V 
+0.937V 
—0.047V 
+0.984V 
+0.094V 
+ 1.031 V 





TL/F/9900-8 
FIGURE 3-5. Lattice Diagram for the Circuit of Figure 3-3 


Shorted Line 


The open-ended line in Figure 3-3 has a reflection coeffi- 
cient of + 1 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt- 
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of — 1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 


Shorted line conditions are shown in Figure 3-6a with the 
reflection coefficient at the source end of the line also nega- 
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect- 
ed in the opposite polarity. Figure 3-6b shows the response 
to an input step-function with a duration much longer than 
the line delay. The initial voltage starting down the line is 
about +0.75V, which is inverted at the shorted end and 
returned toward the source as —0.75V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + ps), 
causing a —0.37V net change in Vj. Concurrently, a reflect- 
ed voltage of +0.37V (—0.75V times ps of —0.5) starts 
back toward the shorted end of the line. The voltage at V; is 
reduced by 50% with each successive round trip of reflec- 
tions, thus leading to the final condition of zero volts on the 
line. 


When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 





TL/F/9900-10 
b. Input Pulse Duration > Line Delay 








3-6c. The amplitude decreases by 50% with each succes- H = 10 nsidiv 
. . rary . V=0. i 
sive occurrence as it did in Figure 3-6b. pars 
TL/F/9900~11 
i Zo= 930 c. Input Pulse Duration < Line Delay 
a2 
Vre= 
Vo V4 T=0 
2 : TL/F/9900-9 
mae POS OT. | 

Ps PL S08 


a. Reflection Coefficients for Shorted Line 
FIGURE 3-6. Reflections of Long and Short Pulses on a Shorted Line 
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Series Termination 


Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the backplane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. Figure 3-7 shows a 932 line driven from a 1V 
generator through a source impedance of 93. The photo- 
graph illustrates that the amplitude of the initial signal sent 
down the line is only half of the generator voltage, while the 
voltage at the open end of the line is doubled to full ampli- 
tude (1 + pL = 2). The reflected voltage arriving back at 
the source raises V; to the full amplitude of the generator 
signal. Since the reflection coefficient at the source is zero, 
no further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con- 
nected at or near the end of the line to avoid receiving a 2- 
step input signal. 

An ECL output driving a series terminated line requires a 
pull-down resistor to Veg, as indicated in Figure 3-8. The 
resistor Ro shown in Figure 3-8 symbolizes the output resist- 
ance of the ECL gate. The relationships between Ro, Rs, Re 
and Zo are discussed in Chapter 4. 

he 


Rs =932 29 =9312 
TL/F/9900-12 


H=10 nsidiv 
V =0.4 Vidiv 


TL/F/9900-13 
FIGURE 3-7. Series Terminated Line and Waveforms 


Re 


Vee 
TL/F/9900-14 
FIGURE 3-8. ECL Element Driving 
a Series Terminated Line 


Extra Delay with Termination 
Capacitance 


Designers should consider the effect of the load capaci- 
tance at the end of the line when using series termination. 
Figure 3-9 shows how the output waveform changes with 
increasing load capacitance. Figure 3-9b shows the effect 
of load capacitances of 0, 12, 24, 48 pF. With no load, the 
delay between the 50% points of the input and output is just 
the line delay T. A capacitive load at the end of the line 
causes an extra delay AT due to the increase in rise time of 
the output signal. The midpoint of the output is used as a 
criterion because the propagation delay of an ECL circuit is 
measured between the 50% points of the input and output 
signals. 


TL/F/9900-15 
a. Series Terminated Line with Load Capacitance 


H=1nsi/div 


V =0.2 Vidiv 
TL/F/9900-16 
b. Output Rise Time Increase with 


Increasing Load Capacitance 


LINE 
OUTPUT 


TL/F/9900-17 
c. Extra Delay AT Due to Rise Time Increase 


FIGURE 3-9. Extra Delay with Termination Capacitance 
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Extra Delay with Termination Capacitance (continuea) 


VIN Zo 


> ee =~ ) ~ 


el 


TL/F/9900-18 
a. Thevenin Equivalent for 
Series Terminated Case 


Z=— 


i cea aaa 
v 
Aes 7 


Vin (t) 


IK 4 


TL/F/9900-19 
b. Thevenin Equivalent for 
Parallel Terminated Case 





LINE v 
INPUT 
tp=0.8 a 
a=1.25t, 
t=0 t=a 
TL/F/9900-20 
V 
Vin(t) = A [ tu(t) — (t — a)u (t — a)] 
Ofort<O 
ut 1 fort >O 
— Ofort <a, 
ult— a) = 4iort>a 
V 
Vin(S) = —s (1 — e-as 
INS) SS 88) 
Vv 1 
V S = — 6 1 — a-as 
cfs) ar 2 (6+ 1/1)! ore 


volt) = “tt — 2(1 - e-V/7)) ult) 


~~ 9) 
a 


t-a 
—7(1—-e7 7 )JJu(t—a) 
c. Equations for Input and Output Voltages 


FIGURE 3-10. Determining the Effect 
of End-of-Line Capacitance 
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The increase in propagation delay can be calculated by us- 
ing a ramp approximation for the incident voltage and char- 
acterizing the circuit as a fixed impedance in series with the 
load capacitance, as shown in Figure 3-10. One general 
solution serves both series and parallel termination cases 
by using an impedance Z’ and a time constant 7, defined in 
Figure 3-10a and 3-10b. Calculated and observed increases 
in delay time to the 50% point show close agreement when 
7 is less than half the ramp time. At large ratios of 7/a 
(where a = ramp time), measured delays exceed calculated 
values by approximately 7%. Figure 3-11, based on mea- 
sured values, shows the increase in delay to the 50% point 
as a function of the Z’C time constant, both normalized to 
the 10% to 90% rise time of the input signal. As an example 
of using the graph, consider a 1002 series terminated line 
with 30 pF load capacitance at the end of the line and a no- 
load rise time of 3 ns for the input signal. From Figure 3-10a, 
Z' is equal to 100; the ratio Z’C/t, is 1. From the graph, 
the ratio AT/t, is 0.8. Thus the increase in the delay to the 
50% point of the output waveform is 0.8 t,, or 2.4 ns, which 
is then added to the no-load line delay T to determine the 
total delay. 


Had the 1002 line in the foregoing example been parallel 
rather than series terminated at the end of the line, Z’ would 
be 509. The added delay would be only 1.35 ns with the 
same 30 pF !toading at the end. The added delay would be 
only 0.75 ns if the line were 509 and parallel terminated. 
The various trade-offs involving type of termination, line im- 
pedance, and loading are important considerations for crit- 
ical delay paths. 


DELAY INCREASE, NORMALIZED—ATit, 





0 0.5 1.0 1.5 2.0 2.5 
LINE-LOAD TIME CONSTANT, NORMALIZED —Z' Cit, 
TL/F/9900-21 
FIGURE 3-11. Increase in 50% Point Delay Due 
to Capacitive Loading at the End 
of the Line, Normalized to T, 





Distributed Loading Effects on Line Characteristics 


When capacitive loads such as ECL inputs are connected 
along a transmission line, each one causes a reflection with 
a polarity opposite to that of the incident wave. Reflections 
from two adjacent loads tend to overlap if the time required 
for the incident wave to travel from one load to the next is 
equal to or less than the signal rise time.5 Figure 3-12a 
illustrates an arrangement for observing the effects of ca- 
pacitive loading, while Figure 3-12b shows an incident wave 
followed by reflections from two capacitive loads. The two 
capacitors causing the reflections are separated by a dis- 
tance requiring a travel time of 1 ns. The two reflections 
return to the source 2 ns apart, since it takes 1 ns longer for 
the incident wave to reach the second capacitor and an 
additional 1 ns for the second reflection to travel back to the 
source. In the upper trace of Figure 3-12b, the input signal 
rise time is 1 ns and there are two distinct reflections, al- 
though the trailing edge of the first overlaps the leading 
edge of the second. The input rise time is longer in the 
middie trace, causing a greater overlap. In the lower trace, 
the 2 ns input rise time causes the two reflections to merge 
and appear as a single reflection which is relatively constant 
(at ~ —10%) for half its duration. This is about the same 
reflection that would occur if the 93 line had a middle sec- 
tion with an impedance reduced to 752. 


With a number of capacitors distributed all along the line of 
Figure 3-12a, the combined reflections modify the observed 
input waveform as shown in the top trace of Figure 3-12c. 
The reflections persist for a time equal to the 2-way line 
delay (15 ns), after which the line voltage attains its final 
value. The waveform suggests a line terminated with a re- 
sistance greater than its characteristic impedance (Rr > 


H=2ns/div 
V=0.25 Vidiv 


TL/F/9900-23 
b. Capacitive Reflections Merging 
as Rise Time Increases 


Zo). This analogy is strengthened by observing the effect of 
reducing Ry from 932) to 759, which leads to the middle 
waveform of Figure 3-12c. Note that the final (steady state) 
value of the line voltage is reduced by about the same 
amount as that caused by the capacitive reflections. In the 
lower trace of Figure 3-12c the source resistance Res is re- 
duced from 93 to 759, restoring both the initial and final 
line voltage values to the same amplitude as the final value 
in the upper trace. From the standpoint of providing a de- 
sired signal voltage on the line and impedance matching at 
either end, the effect of distributed capacitive loading can 
be treated as a reduction in line impedance. 

The reduced line impedance can be calculated by consider- 
ing the load capacitance C, as an increase in the intrinsic 
line capacitance Co along that portion of the line where the 
loads are connected.§ Denoting this length of line as /, the 
distributed value Cp of the load capacitance is as follows. 


Cyn = — 
By 


Cp is then added to Co in Equation 3-1 to determine the 
reduced line impedance Zo. 


TL/F/9900-22 


H =5nsidiv 
V =0.25 Vidiv 


TL/F/9900-24 
c. Matching the Altered Impedance 
of a Capacitively Loaded Line 


FIGURE 3-12. Capacitive Reflections and Effects on Line Characteristics 
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Distributed Loading Effects on 


Line Characteristics (Continued) 


In the example of Figure 3-12c, the total load capacitance is 
33 pF while the total intrinsic line capacitance /Co is 60 pF. 
(Note that the ratio Cp/Co is the same as C_//Cpo.) The 
calculated value of the reduced impedance is thus 


93 93 
2'9 = ee = = HO (3-14) 
1433 V1.55 
60 


This correlates with the results observed in Figure 3-12c 
when Ry and Rs are reduced to 750. 


The distributed load capacitance also increases the line de- 
lay, which can be calculated from Equation 3-2. 


C 
= y/Lo (Co + Cp) = y/LoCo 4/1 + 2 
Co 
Cp 
= + — 
AEG, 


The line used in the example of Figure 3-12c has an intrinsic 
delay of 6 ns and a loaded delay of 7.5 ns which checks 
with Equation 3-15. 

15’ = 18 ¥1.55 = 6 V1.55 = 7.5ns (3-16) 
Equation 3-15 can be used to predict the delay for a given 
line and load. The ratio Cp/Cg (hence the loading effect) 
can be minimized for a given loading by using a line with a 
high intrinsic capacitance Co. 

A plot of Z' and 6’ for a 500 line as a function of Cp is 
shown in Figure 3-73. This figure illustrates that relatively 
modest amounts of load capacitance will add appreciably to 
the propagation delay of a line. In addition, the characteris- 
tic impedance is reduced significantly. 


(3-15) 


60 


5 =1.776nsift 
Co =2.9 pFiin 


5— PROPAGATION DELAY —ns/ft 
e 
So 
Zo’ ~ CHARACTERISTIC IMPEDANCE—Q 





Cp— DISTRIBUTED CAPACITANCE— pFiin 


TL/F/9900-25 
FIGURE 3-13. Capacitive Loading 
Effects on Line Delay and Impedance 


Worst case reflections from a capacitively loaded section of 
transmission line can be accurately predicted by using the 
modified impedance of Equation 3-9.6 When a signal origi- 
nates on an unloaded section of line, the effective reflection 
coefficient is as follows. 


Z'9 + Zo 


3-17 
Z'o + Zo ( ) 


p= 
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Mismatched Lines 


Reflections occur not only from mismatched load and 
source impedances but also from changes in line imped- 
ance. These changes could be caused by bends in coaxial 
cable, unshielded twisted-pair in contact with metal, or mis- 
match between PC board traces and backplane wiring. With 
the coax or twisted-pair, line impedance changes run about 
5% to 10% and reflections are usually no problem since the 
percent reflection is roughly half the percent change in im- 
pedance. However, between PC board and backplane wir- 
ing, the mismatch can be 2 or 3 to 1. This is illustrated in 
Figure 3-14 and analyzed in the lattice diagram of Figure 
3-15. Line 1 is driven in the series terminated mode so that 
reflections coming back to the source are absorbed. 
The reflection and transmission at the point where imped- 
ances differ are determined by treating the downstream line 
as though it were a terminating resistor. For the example of 
Figure 3-14, the reflection coefficient at the intersection of 
lines 1 and 2 for a signal traveling to the right is as follows. 
Zo - 21 _ 93 — 50 
Pi2:= Ss. 
Zo + Z1 143 
Thus the signal reflected back toward the source and the 
signal continuing along line 2 are, respectively, as follows. 
ir = P12 V1 = +0.3V4 (3-19a) 
Vo = (1 + pya) Vy = +1.3Vy (3-19b) 
At the intersection of lines 2 and 3, the reflection coefficient 
for signals traveling to the right is determined by treating Z3 
as a terminating resistor. 
Z3—-Zo 39-93 
= > = = C04 
P23 275420 132 
When Vo arrives at this point, the reflected and transmitted 
signals are as follows. 


Vor = Po3 Vo= —0.41 Vo 





= +0.3 (3-18) 


(3-20) 


= (—0.41) (1.3) V4 (3-21a) 
= —0.53V, 

V3 = (1 + p23) Vo = 0.59 Vo 
= (0.59) (1.3) Vy (3-21b) 


= 0.77 V; 
Voltage V3 is doubled in magnitude when it arrives at the 
open-ended output, since p,_ is +1. This effectively cancels 
the voltage divider action between Rs and Z}. 
V4 = (1 + pi) Va = (1 + pL) (1 + pag) V2 

= (1 + pi) (1 + pag) (1 + pra) V4 


Vv 
= (1 + pi) (1 + pag) (1 + pid> 


V4 = (1 + pag) (1 + p12) Vo 

Thus, Equation 3-22 is the general expression for the initial 
step of output voltage for three lines when the input is series 
terminated and the output is open-ended. 


(3-22) 


Mismatched Lines (Continued) 


Note that the reflection coefficients at the intersections of 
lines 1 and 2 and lines 2 and 3 in Figure 3-15 have reversed 
signs for signals traveling to the left. Thus the voltage re- 
flected from the open output and the signal reflecting back 
and forth on line 2 both contribute additional! increments of 
output voltage in the same polarity as Vo. Lines 2 and 3 
have the same delay time; therefore, the two aforemen- 
tioned increments arrive at the output simultaneously at 
time 5T on the lattice diagram (Figure 3-15). 


In the general case of series lines with different delay times, 
the vertical lines on the lattice diagram should be spaced 
apart in the ratio of the respective delays. Figure 3-16 
shows this for a hypothetical case with delay ratios 1:2:3. 
For a sequence of transmission lines with the highest im- 


Rs = 502 21 =502 


pedance line in the middle, at least three output voltage 
increments with the same polarity as Vo occur before one 
can occur of opposite polarity. On the other hand, if the 
middle line has the lowest impedance, the polarity of the 
second increment of output voltage is the opposite of Vo. 
The third increment of output voltage has the opposite po- 
larity, for the time delay ratios of Figure 3-16. 


When transmitting logic signals, it is important that the initial 
step of line output voltage pass through the threshold region 
of the receiving circuit, and that the next two increments of 
output voltage augment the initial step. Thus in a series ter- 
minated sequence of three mismatched lines, the middle 
line should have the highest impedance. 


P23= ~0.41 
P32= +0.41 
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FIGURE 3-14. Reflections from Mismatched Lines 
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FIGURE 3-15. Lattice Diagram for the Circuit of Figure 3-14 
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Transmission Line Concepts 


Mismatched Lines (Continued) 
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FIGURE 3-16. Lattice Diagram for Three Lines with Delay Ratios 1:2:3 


Rise Time versus Line Delay 


When the 2-way line delay is less than the rise time of the 
input wave, any reflections generated at the end of the line 
are returned to the source before the input transition is com- 
pleted. Assuming that the generator has a finite source re- 
sistance, the reflected wave adds algebraically to the input 
wave while it is still in transition, thereby changing the shape 
of the input. This effect is illustrated in Figure 3-17, which 
shows input and output voltages for several comparative 
values of rise time and line delay. 


In Figure 3-17b where the rise time is much shorter than the 
line delay, V1 rises to an initial value of 1V. At time T later, 
Vz rises to 0.5V, i.e, 1 + p_ = 0.5. The negative reflection 
arrives back at the source at time 2T, causing a net change 
of —0.4V, i.e., (1 + ps) (—0.5) = —0.4. 


The negative coefficient at the source changes the polarity 
of the other 0.1V of the reflection and returns it to the end of 
the line, causing V7 to go positive by another 50 mV at time 
3T. The remaining 50 mV is inverted and reflected back to 
the source, where its effect is barely distinguishable as a 
small negative change at time 4T. 


In Figure 3-17c, the input rise time (0% to 100%) is in- 
creased to such an extent that the input ramp ends just as 
the negative reflection arrives back at the source end. Thus 
the input rise time is equal to 2T. 


The input rise time is increased to 4T in Figure 3-17d, with 
the negative reflection causing a noticeable change in input 
slope at about its midpoint. This change in slope is more 
visible in the double exposure photo of Figure 3-17e, which 
shows Vj (t, still set for 4T) with and without the negative 
reflection. The reflection was eliminated by terminating the 
line in its characteristic impedance. 
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The net input voltage at any particular time is determined by 
adding the reflection to the otherwise unaffected input. It 
must be remembered that the reflection arriving back at the 
input at a given time is proportional to the input voltage at a 
time 2T earlier. The value of Vy in Figure 3-17d can be 
calculated by starting with the 1V input ramp. 


(3-23) 


1 
Vi =eh for0 < t <4T 
if 


=1V fort 4T 
The reflection from the end of the line is 
pL(t — 27) 
fe 
the portion of the reflection that appears at the input is 


(1 + ps) pit — 27), 
t, ; 

the net value of the input voltage is the sum. 

t 1+ + t — 2T 
V'4 = = + (1+ ps) + pr (t = 27) 

tr tr 
The peak value of the input voltage in Figure 3-17d is deter- 
mined by substituting values and letting t equal 4T. 

0.8) (—0.5) (4T — 2T. 
vy a1 + OSU mv ) aan 
if 

1 — 0.4 (0.5) = 0.8V 
After this peak point, the input ramp is no longer increasing 
but the reflection is still arriving. Hence the net value of the 
input voltage decreases. In this example, the later reflec- 
tions are too small to be detected and the input voltage is 
thus stable after time 6T. For the general case of repeated 
reflections, the net voltage V4 seen at the driven end of 
the line can be expressed as follows, where the signal 
caused by the generator is V4(1. 


Vp = (3-24) 


(3-25) 


V'r =; 


(3-26) 








Rise Time versus Line Delay (continued) 


Vii = Vin 
for0 <t< 2T 

Vix = Vay + + pg) pt Vie-27) 
for2T <t < 4T 

V'aay = Vaqy + (+ ps) pL Vit-27) 
+ (1 + ps) psp? Vi(t—4T) 
for4T <t < 6T 


(3-28) 


Vay = Vagy + (1 + ps) PL Vice—27) 
+ (1 + ps) psp? Vi(t—4T) 
+ (1 + ps) ps2p3 V4 —67) 
for 6T < t < 8T, etc. 


Rs =500 


th 





Ps= -0.2 


The voltage at the output end of the line is expressed ina 
similar manner. 


a. Test Arrangement for Rise Time Analysis 


«Vr 
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b. Line Voltages for t, < T 
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V=0.5 Vidiv 
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c. Line Voltages for tp = 2T 
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Vay = 0 

forO<t<T 
Vt = (1 + pr) V1(t-T) 

forT <t < 3T 
Vtiy = (1 + pr) Viet—T) (3-29) 

+(1 + pL) pspr V1(t—3T) 

for3T <t < 5T 
Vay = (1 + pL) Vi¢t - 7) 

+ (1 + pL) PSPLV4(t—37) 

+ (1 + pL) ps@pi? Vi(t—57) 

for5T <t <7T, ete. 
Zo =752 

Rr 
252 
PL = -0.5 = 
TL/F/9900-30 
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d. Line Voltages for t; = 4T 








H=10 ns/div 
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e. Input Voltage with and without Reflection 


FIGURE 3-17. Line Voltages for Various Ratios of Rise Time to Line Delay 
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Transmission Line Concepts 


Ringing 

Multiple reflections occur on a transmission line when nei- 
ther the signal source impedance nor the termination (load) 
impedance matches the line impedance. When the source 
reflection coefficient pg and the load reflection coefficient 
pL are of opposite polarity, the reflections alternate in polari- 
ty. This causes the signal voltage to oscillate about the final 
steady state value, commonly recognized as ringing. 


When the signal rise time is long compared to the line delay, 
the signal shape is distorted because the individual reflec- 
tions overlap in time. The basic relationships among rise 
time, line delay, overshoot and undershoot are shown in a 
simplified diagram, Figure 3-18. The incident wave is a ramp 
of amplitude B and rise duration A. The reflection coefficient 
at the open-ended line output is +1 and the source reflec- 
tion coefficient is assumed to be —0.8, i.e., Ro = Zo/9. 


Figure 3-18b shows the individual reflections treated sepa- 
rately. Rise time A is assumed to be three times the line 
delay T. The time scale reference is the line output and the 
first increment of output voltage Vo rises to 2B in the time 
interval A. Simultaneously, a positive reflection (not shown) 
of amplitude B is generated and travels to the source, 
whereupon it is multiplied by —0.8 and returns toward the 
end of the line. This negative-going ramp starts at time 2T 
(twice the line delay) and doubles to — 1.6B at time 2T + A. 
The negative-going increment also generates a reflection of 
amplitude —0.8B which makes the round trip to the source 
and back, appearing at time 4T as a positive ramp rising to 
+ 1.28B at time 4T + A. The process of reflection and re- 
reflection continues, and each successive increment chang- 
es in polarity and has an amplitude of 80% of the preceding 
increment. 


TL/F/9900-35 


a. Ramp Generator Driving Open-Ended Line 
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b. Increments of Output Voltage Treated Individually 


9T 10T WT 12T 
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c. Net Output Signal Determined by Superposition 
FIGURE 3-18. Basic Relationships Involved in Ringing 





Ringing (Continued) 

In Figure 3-18c, the output increments are added algebrai- 
cally by superposition. The starting point of each increment 
is shifted upward to a voltage value equal to the algebraic 
sum of the quiescent levels of all the preceding increments 
(i.e., 0, 2B, 0.4B, 1.688, etc.). For time intervals when two 
‘ramps occur simultaneously, the two linear functions add to 
produce a third ramp that prevails during the overlap time of 
the two increments. 


It is apparent from the geometric relationships, that if the 
ramp time A is less than twice the line delay, the first output 
increment has time to rise to the full 2B amplitude and the 
second increment reduces the net output voltage to 0.4B. 
Conversely, if the line delay is very short compared to the 
ramp time, the excursions about the final value Vg are 
small. 


Figure 3-18c shows that the peak of each excursion is 
reached when the earlier of the two constituent ramps 
reaches its maximum value, with the result that the first 
peak occurs at time A. This is because the earlier ramp has 
a greater slope (absolute value) than the one that follows. 


Actual waveforms such as produced by ECL or TTL do not 
have a constant slope and do not start and stop as abruptly 
as the ramp used in the example of Figure 3-718. Predicting 
the time at which the peaks of overshoot and undershoot 
occur is not as simple as with ramp excitation. A more rigor- 
ous treatment is required, including an expression for the 
driving waveform which closely simulates its actual shape. 
In the general case, a peak occurs when the sum of the 
slopes of the individual signal increment is zero. 


Summary 


The foregoing discussions are by no means an exhaustive 
treatment of transmission line characteristics. Rather, they 
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are intended to focus attention on the general methods 
used to determine the interactions between high-speed log- 
ic circuits and their interconnections. Considering an inter- 
connection in terms of distributed rather than lumped induc- 
tance and capacitance leads to the line impedance concept, 
i.e., mismatch between this characteristic impedance and 
the terminations causes reflections and ringing. 


Series termination provides a means of absorbing reflec- 
tions when it is likely that discontinuities and/or line imped- 
ance changes will be encountered. A disadvantage is that 
the incident wave is only one-half the signal swing, which 
limits load placement to the end of the line. ECL input ca- 
pacitance increases the rise time at the end of the line, thus 
increasing the effective delay. With parallel termination, i-e., 
at the end of the line, loads can be distributed along the line. 
ECL input capacitance modifies the line characteristics and 
should be taken into account when determining line delay. 
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Chapter 4 
System Considerations 


Introduction 


All of National’s ECL input and output impedances are de- 
signed to accommodate various methods of driving and ter- 
minating interconnections. Controlled wiring impedance 
makes it possible to use simplified equivalent circuits to de- 
termine limiting conditions. Specific guidelines and recom- 
mendations are based on assumed worst-case combina- 
tions. Many of the recommendations may seem conserva- 
tive, compared to typical observations, but the intent is to 
help the designer achieve a reliable system in a reasonable 
length of time with a minimum amount of redesign. 


PC Board Transmission Lines 


Strictly speaking, transmission lines are not always required . 


for F100K ECL but, when used, they provide the advan- 
tages of predictable interconnect delays as well as reflec- 
tion and ringing control through impedance matching. Two 
common types of PC board transmission lines are microstrip 
and stripline, Figure 4-1. Stripline requires multilayer con- 
struction techniques; microstrip uses ordinary double-clad 
boards. Other board construction techniques are wire wrap, 
stitch weld and discrete wired. 


ee 


patsd ag 


AC GROUND 


TL/F/9901-1 
a. Microstrip 


Stripline, Figure 4-71b, is used where packing density is a 
high priority because increasing the interconnect layers pro- 
vides short signal paths. Boards with as many as 22 layers 
have been used in ECL systems. 


Microstrip offers easier fabrication and higher propagation 
velocity than stripline, but the routing for a complex system 
may require more design effort. In Figure 4-1a, the ground 
plane can be a part of the Veg distribution as long as ade- 
quate bypassing from Veg to Vcc (ground) is provided. Also, 
signal routing is simplified and an extra voltage plane is ob- 
tained by bonding two microstrip structures back to back, 
Figure 4-1c. 

Microstrip 


Equation 4-1 relates microstrip characteristic impedance to 
the dielectric constant and dimensions.1 Electric field fring- 
ing requires that the ground extend beyond each edge of 
the signal trace by a distance no less than the trace width. 


60 4h 
Zo = {| ——————— } tn ( —_——__ 
y0.475 €rp + 0.67 0.67 (0.8 w + t) (4-1) 


87 5.98 h 
= (<= =) mn (ses rs ) 
where h = dielectric thickness, w = trace width, t = trace 
thickness, e, = board material dielectric constant relative to 
air. 
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b. Stripline 
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FIGURE 4-1. Transmission Lines on Circuit Boards 





PC Board Transmission Lines (continued) 


Equation 4-1 was developed from the impedance formula 
for a wire over ground plane transmission line, Equation 4-2. 


2- (2)n(2) « 


where d = wire diameter, h = distance from ground to wire 
center. 


Comparing Equation 4-1 and 4-2, the term 0.67 (0.8 w + t) 
shows the equivalence between a round wire and a rectan- 
gular conductor. The term 0.475 e, + 0.67 is the effective 
dielectric constant for microstrip €g, considering that a mi- 
crostrip line has a compound dielectric consisting of the 
board material and air. The effective dielectric constant is 
determined by measuring propagation delay per unit of line 
length and using the following relationship. 

5 = 1.0167 ¢ Jeg ns/ft (4-3) 
where 6 = propagation delay, ns/ft. 
Propagation delay is a property of the dielectric material 
rather than line width or spacing. The coefficient 1.0167 is 
the reciprocal of the velocity of light in free space. Propaga- 
tion delay for microstrip lines on glass-filled G-10 epoxy 
boards is typically 1.77 ns/ft, yielding an effective dielectric 
constant of 3.03. 
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FIGURE 4-2. Microstrip Impedance 
Versus Trace Width, G-10 Epoxy 

Using €, = 5.0 in Equation 4-1, Figure 4-2 provides micros- 
trip line impedance as a function of width for several G-10 
epoxy board thicknesses. Figure 4-3 shows the related Co 
values, useful for determining capacitive loading effects on 
line characteristics, (Equation 3-15). 


System designers should ascertain tolerances on board di- 
mensions, dielectric constant and trace width etching in or- 
der to determine impedance variations. If conformal coating 
is used the effective dielectric constant of microstrip is in- 
creased, depending on the coating material and thickness. 





Co — DISTRIBUTED CAPACITANCE — pF/INCH 


Zo — CHARACTERISTIC IMPEDANCE — 2 


TL/F/9901-5 
FIGURE 4-3. Microstrip Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Stripline 
Stripline conductors are totally embedded. As a result, the 
board material determines the dielectric constant. G-10 
epoxy boards have a typical propagation delay of 2.26 ns/ft. 
Equation 4-4 is used to calculate stripline impedances.1,2 


Gate) 
0” \Ye) "\0677 O8wt t) (4-4) 


where b = distance between ground planes, w = trace 
width, t = trace thickness, w/(b-t) < 0.35 and t/b < 0.25. 
Figure 4-4 shows stripline impedance as a function of trace 
width, using Equation 4-4 and various ground plane separa- 
tions for G-10 glass-filled epoxy boards. Related values of 
Co are plotted in Figure 4-5. 
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FIGURE 4-4. Stripline Impedance 
Versus Trace Width, G-10 Epoxy 
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System Considerations 


PC Board Transmission Lines (continuea) 


Co — DISTRIBUTED CAPACITANCE — pF/INCH 


29 — CHARACTERISTIC IMPEDANCE — 2 
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FIGURE 4-5. Stripline Distributed Capacitance 
Versus Impedance, G-10 Epoxy 


Wire Wrap 


Wire-wrap boards are commercially available with five volt- 
age planes, positions for several 24-pin Dual-In-Line Pack- 
ages (DIP), terminating resistors, and decoupling capaci- 
tors. The devices are mounted on socket pins and intercon- 
nected with twisted pair wiring. One wire at each end of the 
twisted pair is wrapped around a signal pin, the other around 
a ground pin. The #30 insulated wire is uniformly twisted to 
provide a nominal 932N impedance line. Positions for Single- 
In-Line Package (SIP) terminating resistors are close to the 
inputs to provide good termination characteristics. 

Discrete Wired 


Custom Multiwire* boards are available with integral power 
and ground planes. Wire is placed on a controlled thickness 
above the ground plane to obtain a nominal impedance line 
of 559. Then holes are drilled through the wire and board. 
Copper is deposited in the drilled holes by an additive-elec- 
trolysis process which bonds each wire to the wall of the 
holes. Devices are soldered on the board to make connec- 
tion to the wires. 

*Multiwire is a registered trademark of the Multiwire Corporation. 


Parallel Termination 


Terminating a line at the receiving end with a resistance 
equal to the characteristic line impedance is called parallel 
termination, Figure 4-6a. F100K circuits do not have internal 
pull-down resistors on outputs, so the terminating resistor 
must be returned to a voltage more negative than Vo, to 
establish the LOW-state output voltage from the emitter fol- 
lower. A —2V termination return supply is commonly used. 
This minimizes power consumption and correlates with 
standard test specifications for ECL circuits. A pair of resis- 
tors connected in series between ground (Vcc) and the Veg 
supply can provide the Thevenin equivalent of a single re- 
sistor to —2V if a separate termination supply is not avail- 
able, Figure 4-6b. The average power dissipation in the 
Thevenin equivalent resistors is about 10 times the power 
dissipation in the single resistor returned to —2V, as shown 
in Figures 5-10 and 5-73. For either parallel termination 
method, decoupling capacitors are required between the 
supply and ground (Chapter 6). 
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a. Parallel Termination 
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b. Thevenin Equivalent of Ry and V7 
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c. Equivalent Circuit for Determining 
Approximate Voy and Vo, Levels 
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d. F100K Output Characteristic with Terminating 
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FIGURE 4-6. Parallel Termination 





PC Board Transmission Lines (Continued) 


F100K output transistors are designed to drive low-imped- 
ance loads and have a maximum output current rating of 
50 mA. The circuits are specified and tested with a 502 load 
returned to -—2V. This gives nominal output levels of 
—0.955V at 20.9 mA and —1.705V at 5.9 mA. Output levels 
will be different with other load currents because of the tran- 
sistor output resistance. This resistance is nonlinear with 
load current since it is due, in part, to the base-emitter volt- 
age of the emitter follower, which is logarithmic with output 
current. With the standard 509 load, the effective source 
resistance is approximately 6/N in the HIGH state and 82 in 
the LOW state. 


The foregoing values of output voltage, output current, and 
output resistance are used to estimate quiescent output lev- 
els with different loads. An equivalent circuit is shown in 
Figure 4-6c. The ECL circuit is assumed to contain two inter- 
nal voltage sources Egy and Eo, with series resistances of 
6 and 8 respectively. The values shown for Eoy and 
Eo, are —0.85V and — 1.67V respectively. 


The linearized portion of the F100K output characteristic 
can be represented by two equations: 

For Vou: VouT = —850 —6 lout 

For Vo: Vout = —1670 —8 lout 

where loyt is in mA, Vout is in mV. 


If the range of Ioyt is confined between 8 mA to 40 mA for 
Von, and 2 mA to 16 mA for Vo_, the output voltage can be 
estimated within +10 mV (Figure 4-6d). 


An ECL output can drive two or more lines in parallel, pro- 
vided the maximum rated current is not exceeded. Another 
consideration is the effect of various loads on noise mar- 
gins. For example, two parallel 75 terminations to —2V 
(Figure 4-6a) give output levels of approximately — 1.000V 
and —1.716V. Noise margins are thus 35 mV less in the 
HIGH state and 11 mV more in the LOW state, compared to 
5002 load conditions. Conversely, a single 75 load to —2V 
Causes noise margins 38 mV greater in the HIGH state and 
11 mV less in the Low state, compared to a 500 load. 


The magnitude of reflections from the terminated end of the 
line depends on how well the termination resistance Rt 
matches the line impedance Zo. The ratio of the reflected 
voltage to the incident voltage V; is the reflection coefficient 
p- 

Vy Rr-Zo 

Vif AT + Zo 
The initial signal swing at the termination is the sum of the 
incident and reflected voltages. The ratio of termination sig- 
nal to incident signal is thus: 


Vv 2Rr 

Vi Rr + Zo 
The degree of reflections which can be tolerated varies in 
different situations, but to allow for worst-case circuits, a 
good rule of thumb is to limit reflections to 15% to prevent 
excursions into the threshold region of the ECL inputs con- 
nected along the line. The range of permissible values of Rt 
as a function of Zo and the reflection coefficient limitations 
can be determined by rearranging Equation 4-5. 


1+p 
1—p 


(4-5) 


(4-6) 


Rt = Zo (4-7) 
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Using 15% reflection limits as examples, the range of the — 


Rt/Zo ratio is as follows. 


118, Br, O85 4.955 BTS 974 
0.85 Zp) 1.15 Zo 
The permissible range of the R7/Zg ratio determines the 
tolerance ranges for Rr and Zo. For example, using the 
foregoing ratio limits, Ry tolerances of + 10% allow Zp toler- 
ance limits of +22% and —19%; Ry tolerances of +5% 
allow Zo tolerance limits of +28% and —23%. 


An additional requirement on the maximum value of Rr is 
related to the value of quiescent Ioy current needed to in- 
sure sufficient negative-going signal swing when the ECL 
driver switches from the HIGH state to the LOW state. The 
npn emitter-follower output of the ECL circuit cannot act as 
a voltage source driver for negative-going transitions. When 
the voltage at the base of the emitter follower starts going 
negative as a result of an internal state change, the output 
current of the emitter follower starts to decrease. The trans- 
mission line responds to the decrease in current by produc- 
ing a negative-going change in voltage. The ratio of the volt- 
age change to the current change is, of course, the charac- 
teristic impedance Zp. Since the maximum decrease itn cur- 
rent that the line can experience is from Io} to zero, the 
maximum negative-going transition which can be produced 
is the product lov Zo. 


If the lox Zo product is greater than the normal negative-go- 
ing signal swing, the emitter follower responds by limiting 
the current change, thereby controlling the signal swing. If, 
however, the oy Zo product is too small, the emitter follow- 
er is momentarily turned off due to insufficient forward bias 
of its base-emitter junctions, causing a discontinuous nega- 
tive-going edge such as the one shown in Figure 4-74. In 
the output-LOW state the emitter follower is essentially non- 
conducting for Vo, values more positive than about 
—1.55V. Using this value as a criterion and expressing Ioy 
and Von in terms of the equivalent circuit of Figure 4-6c, an 
upper limit on the value of Ry can be developed. 


AV = IonZo > 1.55 — |Voul 


(Foe — Vr Vrt Ro = EouRt 
Ro + Rr Ro + Rr 


(Eon — Vtt) Zo — (1.55 — |Vtrl) Ro 
1.55 — |Eou| 

For a Vtz of —2V, Ro of 62 and Eou of —0.85V, Equation 

4-9 reduces to 


Rr < 1.64 Zp + 3.869 


For Zp = 500, the emitter follower cuts off during a nega- 
tive-going transition if Rt exceeds 862. Changing the volt- 
age level criteria to — 1.60V to insure continuous conduction 
in the emitter follower gives an upper limit of 772 for a 500 
line. For a line terminated at the receiving end with a resist- 
ance to —2V, a rough rule-of-thumb is that termination re- 
sistance should not exceed line impedance by more than 
50%. This insures a satisfactory negatve-going signal swing 
to ECL inputs connected along the line. The quiescent Vo. 
level, after all reflections have damped out, is determined by 
Rr and the ECL output characteristic. 


(4-8) 


) 20> 1.55 | 


Rr < (4-9) 


Input Impedance 


The input impedance of ECL circuits is predominately ca- 
pacitive. A single-function input has an effective value of 
about 2.5 pF for F100K flatpak, as determined by its effect 
on reflected and transmitted signals on transmission lines. 
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System Considerations 


Input Impedance (Continued) 


In practical calculations, a value of 3 pF should be used. 
Approximately one third of this capacitance is attributed to 
the internal circuitry and two thirds to the flatpak pin and 
internal bonding. 


For F100K flatpak circuits, multiple input lines may appear 
to have up to 4 pF to 5 pF but never more. For example, in 
the 100302, an input is connected internally to all five gates, 
but because of the philosophy of buffering these types of 
inputs in the F100K family this input appears as a unit load 
with a capacitance of approximately 2.5 pF. For applications 
such as a data bus, with two or more outputs connected to 
the same line, the capacitance of a passive-LOW output can 
be taken as 3 pF. 


Capacitive loads connected along a transmission line in- 
crease the propagation delay of a signal along the line. The 
modified delay can be determined by treating the load ca- 
pacitance as an increase in the intrinsic distributed capaci- 
tance of the line, discussed in Chapter 3. The intrinsic ca- 
pacitance of any stubs which connect the inputs to the line 
should be included in the load capacitance. The intrinsic 
capacitance per unit length for G-10 epoxy boards is shown 
in Figure 4-3 and 4-5 for microstrip and stripline respective- 
ly. For other dielectric materials, the intrinsic capacitance Cp 
can be determined by dividing the intrinsic delay & (Equation 
4-3) by the line impedance Zo. 

The length of a stub branching off the line to connect an 
input should be limited to insure that the signal continuing 
along the line past the stub has a continuous rise, as op- 
posed to a rise (or fall) with several partial steps. The point 
where a stub branches off the line is a low impedance point. 
This creates a negative coefficient of reflection, which in 
turn reduces the amplitude of the incident wave as it contin- 
ues beyond the branch point. If the stub length is short 
enough, however, the first reflection returning from the end 
of the stub adds to the attenuated incident wave while it is 
still rising. The sum of the attenuated incident wave and the 
first stub reflection provides a step-free signal, although its 
rise time will be longer than that of the original signal. Satis- 
factory signal transitions can be assured by restricting stub 
lengths according to the recommendations for unterminated 
lines (Figure 4-10). The same considerations apply when 
the termination resistance is not connected at the end of 
the line; a section of line continuing beyond the termination 
resistance should be treated as an unterminated line and its 
length restricted accordingly. 


Series Termination 


Series termination requires a resistor between the driver 
and transmission line, Figure 4-7. The receiving end of the 
line has no termination resistance. The series resistor value 
should be selected so that when added to the driver source 
resistance, the total resistance equals the line impedance. 
The voltage divider action between the net series resistance 
and the fine impedance causes an incident wave of half 
amplitude to start down the line. When the signal arrives at 
the unterminated end of the line, it doubles and is thus re- 
stored to a full amplitude. Any reflections returning to the 
source are absorbed without further reflection since the line 
and source impedance match. This feature, source absorp- 
tion, makes series termination attractive for interconnection 
paths involving impedance discontinuities, such as occur in 
backplane wiring. 


A disadvantage of series termination is that driven inputs 
must be near the end of the line to avoid receiving a 2-step 
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signal. The initial signal at the driver end is half amplitude, 
rising to full amplitude only after the reflection returns from 
the open end of the line. In Figure 4-7, one load is shown 
connected at point D, aways from the line end. This input 
receives a full amplitude signal with a continuous edge if the 
distance | to the open end of the line is within recommended 
lengths for unterminated line (Figure 4-70). 


TL/F/9901-12 
FIGURE 4-7. Series Termination 


The signal at the end has a slower rise time that the incident 
wave because of capacitive loading. The increase in rise 
time to the 50% point effectively increases the line propaga- 
tion delay, since the 50% point of the signal swing is the 
input signal timing reference point. This added delay as a 
function of the product line impedance and load capaci- 
tance is discussed in Chapter 3. 


Quiescent Voy and Vo, levels are established by resistor 
Re (Figure 4-7), which also acts with Vee to provide the 
negative-going drive into Rs and Zp when the driver output 
goes to the LOW state. To determine the appropriate Re 
value, the driver output can be treated as a simple mechani- 
cal switch which opens to initiate the negative-going swing. 
At this instant, Zo acts as a linear resistor returned to Von. 
Thus the components form a simple circuit of Re, Rg and Zo 
in a series, connected between Veg and Vox. The initial 
current in this series circuit must be sufficient to introduce a 
0.38V transient into the line, which then doubles at the load 
end to give 0.75V swing. 

Vou — Vee _ 0.38 
Re+Pst+Zg Zo 
Any Ion current flowing in the line before the switch opens 
helps to generate the negative swing. This current may be 
quite small, however, and should be ignored when calculat- 
ing Re. 

Increasing the minimum signal swing into the line by 30% to 
0.49V insures sufficient pull-down current to handle reflec- 
tion currents caused by impedance discontinuities and load 
capacitance. The appropriate Re value is determined from 
the following relationship. 

VoH — VEE 0.49 

Re + Rs + Zo Zo 
For the Re range normally used, quiescent Voy averages 
approximately 0.955V and Vee = —4.5V. The value of Rs 
is equal to Zg minus Ro (Ro averages 72). Inserting these 
values and rearranging Equation 4-11 gives the following. 

Re < 5.23Z9 + 70 (4-12) 
Power dissipation in Rg is listed in Figure 5-74. The power 
dissipation in Re is greater than in Rt of a parallel termina- 
tion to —2V, but still less than the two resistors of the 
Thevenin equivalent parallel termination, see Figure 5-10, 
§-13 and 5-74. 


The number of driven inputs on a series terminated line is 
limited by the voltage drop across Rs in the quiescent HIGH 
state, caused by the finite input currents of the ECL loads. 
liq values are specified on data sheets for various types of 


IRE = (4-10) 


(4-11) 











Series Termination (Continued) 


inputs, with a worst-case value of 265 yA for simple gate 
inputs. The voltage drop subtracts from the HIGH-state 
noise margin as outlined in Figure 4-8a. 


However, there is more HIGH-state noise margin initially, 
because there is less loy with the Re load than with the 
standard 5020 load to —2V. This makes Voy more positive; 
the increase ranges from 43 mV for a 502 line to 82 mV for 
a 1002 line. Using this Voy increase as a limit on the volt- 
age drop across Rs assures that the HIGH-state noise mar- 
gin is as good as in the parallel terminated case. Dividing 
the Vox increase by Rg + Ro (=Zo) gives the allowed load 
input current (Ix in Figure 4-8a). This works out to 0.86 mA 
for a 500 line, 0.92 mA for a 752 line and 0.82 mA for a 
10002 line. Load input current greater than these values can 
be tolerated at some sacrifice in noise margin. If, for exam- 
ple, an additional 50 mV loss is feasible, the maximum val- 
ues of current become 1.86 mA, 1.59 mA and 1.32 mA for 
50, 759 and 1002 lines respectively. 


An ECL output can drive more than one series terminated 
line, as suggested in Figure 4-8b, if the maximum rated out- 
put current of 50 mA is not exceeded. Also, driving two or 
more lines requires a lower Re value. This makes the quies- 
cent lou higher and consequently Voy lower, due to the 
voltage drop across Ro. This voltage drop decreases the 
HIGH-state noise margin, which may become the limiting 
factor (rather than the maximum rated current), depending 
on the particular application. 


The appropriate Re value can be determined using Equation 
4-13 for Veg = — 4.5V. 


Re 6.23Z;—Rs; 623Z9—Rso 6.2323 — Rsg 
(4-13) 

Circuits with multiple outputs (such as the 100313) provide 
an alternate means of driving several lines simultaneous 
(Figure 4-8c). Note, each output should be treated individu- 


ally when assiging load distribution, line impedance, and Re 
value. 


Unterminated Lines 


Lines can be used without series or parallel termination if 
the line delay is short compared to the signal rise time. Ring- 
ing occurs because the reflection coefficient at the open 
(receiving) end of the line is positive (nominally +1) while 
the reflection coefficient at the driving end is negative (ap- 
proximately —0.8). These opposite polarity reflection coeffi- 
cients Cause any change in signal voltage to be reflected 
back and forth, with a polarity change each time the signal is 
reflected from the driver. Net voltage change on the line is 
thus a succession of increments with alternating polarity 
and decreasing magnitude. The algebraic sum of these in- 
crements if the observed ringing. The general relationships 
among rise time, line delay, overshoot and undershoot are 
discussed in Chapter 3, using simple waveforms for clarity. 
Excessive overshoot on the positive-going edge of the sig- 
nal drives input transistors into saturation. Although this 
does not damage an ECL input, it does cause excessive 
recovery times and makes propagation delays unpredict- 
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TOTAL = Ix 





Vnu LOSS = ly (Rg + Ro) 
VEE = Ix Zo 
TL/F/9901-13 


a. Noise Margin Loss Due to Load Input Current 





TL/F/9901-14 
b. Driving Several Lines from one Output 


VEE 


TL/F/9901-15 
c. Using Multiple Output Element for Load Sharing 


FIGURE 4-8. Loading Considerations 
for Series Termination 


able. Undershoot (following the overshoot) must also be lim- 
ited to prevent signal excursions into the threshold region of 
the loads. Such excursions could cause exaggerated tran- 
sition times at the driven circuit outputs, and could also 
cause multiple triggering of sequential circuits. Signal swing, 
exclusive of ringing, is slightly greater on unterminated lines 
than on parallel terminated lines; Ioy is less and Io, is 
greater with the Re load, (Figure 4-9a) making Voy higher 
and Vo, lower. 


For worst case combinations of driver output and load input 
characteristics, a 35% overshoot limit insures that system 
speed is not compromised either by saturating an input on 
overshoot or extending into the threshold region on the fol- 
lowing undershoot. 


For distributed loading, ringing is satisfactorily controlled if 
the 2-way modified line delay does not exceed the 20% to 
80% rise time of the driver output. This relationship can be 
expressed as follows, using the symbols from Chapter 3 and 
incorporating the effects of load capacitance on line delay. 


CL 
tp = 27’ = 2¢28' = 2458,)/1+ — 
J £Co 


Rearranging terms yields the quadratic equation: 


C t,2 
f2max + — l max + a = 0 


Co 452 oe 
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Unterminated Lines (Continued) 


+! 
VIN 
Re 
VEE 


TL/F/9901-16 


a. Unterminated Line 





H = 10 nsidiv 
V =0.3 Vidiv 


TL/F/9901-17 
b. Line Voltages Showing Stair-step Trailing Edges 





H = 1 nsidiv 
V =0.3 Vidiv 


TL/F/9901-18 


c. Load Gate Output Showing Net 
Propagation Increase for Increasing 
Values of Re: 3300, 5100, 1kO. 


FIGURE 4-9. Effect on Re Value 
on Trailing-Edge Propagation 
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The shorter the rise time, the shorter the permissible line 
length. For F100K ECL, the minimum rise time from 20% to 
80% is specified as 0.4 ns. Using this rise time and 3 pF per 
fan-out load, calculated maximum line lengths for G-10 
epoxy microstrip are listed in Figure 4-170. The length (2) in 
the table is the distance from the terminating resistor to the 
input of the device(s). For other combinations of rise time, 
impedance, fan-out or line characteristics (6 and Co), maxi- 
mum lengths are also calculated using Equation 4-14. 


tae ee ee Se of Fan- a ae 


0. =o 0. a 0. | an 41 
0.87 0.59 0.44 0.34 


0.79 
0.72 
0.68 


*Length in inches. 
Unit load = 3 pF, § = 0.148 ns/inch 


0.52 
0.45 
0.41 


0.37 
0.32 
0.29 


0.29 
0.25 
0.22 


FIGURE 4-10. F100K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Distributed Loading 


Resistor Re must provide the current for the negative-going 
signal at the driver output. Line input and output waveforms 
are noticeably affected if Re is too large, as shown in Figure 
4-9b. The negative-going edge of the signal falls in stair- 
step fashion, with three distinct steps visible at point A. The 
waveform at point B shows a step in the middle of the nega- 
tive-going swing. The effect of different Re values on the 
net propagation time through the line and the driven loads is 
evident in Figure 4-9c which shows the output signal of one 
driven gate in a multiple exposure photograph. The horizon- 
tal sweep (time axis) was held constant with respect to the 
input signal of the driver. The earliest of the three output 
signals occurs with an Re value of 330M. Changing Re to 
510 increases the net propagation delay by 0.3 ns, the 
horizontal offset between the first and second signals. 
Changing Re to 1 kQ. produces a much greater increase in 
net propagation delay, indicating that the negative-going 
signal at B contains several steps. In practice, a satisfactory 
negative-going signal results when the Re value is chosen 
to give an initial negative-going step of 0.6V at the driving 
end of the line. This gives an upper limit on the value of Re, 
as shown in Equation 4-15. 


(VoH — Vee) Zo 
Re +Zo 
Re = < 5Zo (at Veg = 4.5V) 


initial step = Al ® Zp = = 0.6 


(4-15) 





Unterminated Lines (continued) 


An ECL output can drive two or more unterminated lines, 
provided each line length and loading combination is within 
the recommended constraints. The appropriate Re value is 
determined from Equation 4-15, using the parallel imped- 
ance of the two or more lines for Zo. 


An ECL output can simultaneously drive terminated and un- 
terminated lines, although the negative-going edge of the 
signal shows two or more distinct steps when the stubs are 
long unless some extra pull-down current is provided. Figure 
4-11a shows an ECL circuit driving a parallel terminated 
line, with provision for connecting two worst-case untermi- 
nated lines to the driver output. Waveforms at the termina- 
tion resistor (point A) are shown in the multiple exposure 


a. Multiple Lines 


VttT 
TL/F/9901-19 


photograph of Figure 4-11b. The upper trace shows a nor- 
mal signal without stubs connected to the driver. The middle 
trace shows the effect of connecting one stub to the driver. 
The step in the negative-going edge indicates that the qui- 
escent lox current through Ry is not sufficient to cause a 
full signa! for both lines. The relationship between the quies- 
cent Ioy current through Ry and the negative-going signal 
swing was discussed earlier in connection with parallel ter- 
mination. 


The bottom trace in Figure 4-17 shows the effect of con- 
necting two stubs to the driver output. The steps in trailing 
edge are smaller and more pronounced. The deteriorated 
trailing edge of either the middle or lower waveform increas- 


b. Waveforms at Termination Point A 


NO STUBS 


alba 
H=5nsidiv 
V=0.5 Vidiv 


TL/F/9901~-20 


c. Equivalent Circuit for Determining Initial 
Negative Voltage Step at the Driver Output 


~<—\— Irt 


en: 


VEE 
TL/F/9901-21 


FIGURE 4-11. Driving Terminated and Unterminated Lines in Parallel 
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System Considerations 


Unterminated Lines (Continued) 


es the switching time of the cirucit connected to point A. If 
this extra delay cannot be tolerated, additional pull-down 
current must be provided. One method uses a resistor to 
Veg as suggested in Figure 4-11a. The initial negative-going 
step at point A should be about 0.7V to insure a good fall 
rate through the threshold region of the driven gate. The 
initial step at the driver output should also be 0.7V. If the 
driver output is treated as a switch that opens to initiate the 
negative-going signal, the equivalent circuit of Figure 4-11c 
can be used to determine the initial voltage step at the driv- 
er output (point X). The value of the current source Ipt is the 
quiescent Ioy current through Rr. Using Z’ to denote the 
parallel impedance of the transmission lines and A V for the 
desired voltage step at X, the appropriate value of Re can 
be determined from the following equation, using absolute 
values to avoid polarity confusion. 


Z' 
Re = (IVeel - IV u-avi)*(—— =) 
EE! ~ IVo I) \svi= lel 


For a sample calculation, assume that Ry and the line im- 
pedances are each 100, Voy is —0.955V, AV is 0.750V, 
Ver is —4.5V and Vr7 is —2V. Ipt is thus 10.45 mA and the 
calculated value of Re is 2329. In practice, this value is on 
the conservative side and can be increased to the next larg- 
er (10%) standard value with no appreciable sacrifice in 
propagation through the gate at point A. — 


Again, the foregoing example is based on worst-case stub 
lengths (the longest permissible). With shorter stubs, the 
effects are less pronounced and a point is reached where 
extra pull-down current is not required because the reflec- 
tion from the end of the stub arrives back at the driver while 
the original signal is still falling. Since the reflection is also 
negative going, it combines with and reinforces the falling 
signal at the driver, eliminating the steps. The net result is a 
smoothly falling signal but with increased fall time compared 
to the stubless condition. 


The many combinations of line impedance and load make it 
practically impossible to define just with stub length begins 
to cause noticeable steps in the falling signal. A rough rule- 
of-thumb would be to limit the stub length to one-third of the 
values given in Figure 4-70. 


Data Bussing 


Data bussing involves connecting two or more outputs and 
one or more inputs to the same signal line, (Figure 4-72). 
Any one of the several drivers can be enabled and can ap- 
ply data to the line. Load inputs connected to the line thus 
receive data from the selected source. This method of 
steering data from place to place simplifies wiring and tends 
to minimize package count. Only one of the drivers can be 
enabled at a given time; all other driver outputs must be in 
the LOW or CUT-OFF state. Termination resistors matching 
the line impedance are connected to both ends of the line to 
prevent reflections. For calculating the modified delay of the 
line (Chapter 3) the capacitance of a LOW (unselected) driv- 
er output should be taken as 3 pF. 


An output driving the line sees an impedance equal to half 
the line impedance. Similarly, the quiescent Ioy current is 
higher than with a single termination. For line impedance 
less than 1009, the loy current is greater than the data 
sheet test value, with a consequent reduction of HIGH-state 
noise margin. This loss can be eliminated if necessary by 
using multiple output gates (100313) and paralleling two 
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TL/F/9901-22 
FIGURE 4-12. Data Bus or Party Line 


outputs for each driver. In the quiescent LOW state, termi- 
nation current is shared among all the output transistors on 
the line. This sharing makes Vo, more positive than if only 
one output were conducting all of the current. For example, 
a 1002 line terminated at both ends represents a net 500 
DC load, which is the same as the data sheet condition for 
VoL. If one worst-case output were conducting all the cur- 
rent, the Vo, would be —1.705V. If another output with 
identical DC characteristics shares the load current equally, 
the Vo, level shifts upward by about 25 mV. Connecting two 
additional outputs for a total of four with the same charac- 
teristics shifts Vo. upward another 22 mV. Connecting four 
more identical outputs shifts VoL upward another 20 mV. 
Thus the Vo, shift for eight outputs having identical worst- 
case Vo, characteristics is approximately 67 mV. In prac- 
tice, the probability of having eight circuits with worst-case 
VoL characteristics is quite low. The output with the highest 
VoL tends to conduct most of the current. This limits the 
upward shift to much less than the theoretical worst-case 
value. In addition, the LOW-state noise margin is specified 
greater than the HIGH-state margin to allow for Vo_ shift 
when outputs are paralleled. Exclusive use of devices with 
CUT-OFF DRIVERS on the bus (i.e., 100352) will eliminate 
low state current sharing and preserve the low state noise 
margins. 

In some instances a single termination is satisfactory for a 
data bus, provided certain conditions are fulfilled. The single 
termination is connected in the middle of the line. This re- 
quires that for each half of the line, from the termination to 
the end, the line length and loading must comply with the 
same restrictions as unterminated lines to limit overshoot 
and undershoot to acceptable levels. The termination 
should be connected as near as possible to the electrical 
mid-point of the line, in terms of the modified line delay from 
the termination to either end. Another restriction is that the 
time between successive transitions, i.e., the nominal bit 
time, should not be less than 15 ns. This allows time for the 
major reflections to damp out and limits additive reflections 
to a minor level. 


Wired-OR 

In general-purpose wired-OR logic connections, where two 
or more driver outputs are expected to be in the HIGH state 
simultaneously, it is important to minimize the line length 
between the participating driver outputs, and to place the 
termination as close as possible to the mid-point between 
the two most widely separated sources. This minimizes the 
negative-going disturbances which occur when one HIGH 
output turns off while other outputs remain HIGH. The driver 
output going off represents a sudden decrease in line cur- 
rent, which in turn generates a negative-going voltage on 
the line. A finite time is required for the other driver outputs 
(quiescently HIGH) to supply the extra current. The net re- 





Wired-OR (Continued) 


sult is a “V” shaped negative glitch whose amplitude and 
duration depend on three factors: current that the off-going 
output was conducting, the line impedance, and the line 
length between outputs. If the separation between outputs 
is kept within about 1% inch, the transient will not propagate 
through the driven load circuits. 


If a wired-OR connection cannot be short, it may be neces- 
sary to design the logic so that the signal on the line is not 
sampled for some time after the normal propagation delay 
(output going negative) of the element being switched. Nor- 
mal propagation delay is defined as the case where the ele- 
ment being switched is the only one on the line in the HIGH 
state, resulting in the line going LOW when the element 
switches. In this case, the propagation delay is measured 
from the 50% point on the input signal of the off-going ele- 
ment to the 50% point of the signal at the input farthest 
away from the output being switched. The extra wiring time 
required in the case of a severe negative glitch is, in a 
worst-case physical arrangement, twice the line delay be- 
tween the off-going output and the nearest quiescently 
HIGH output, plus 2 ns. 


An idea of how the extra waiting time varies with physical 
arrangement can be obtained by qualitatively comparing the 
signal paths in Figure 4-73. With the outputs at A and B 
quiescently HIGH, the duration of the transient observed at 
C is longer if B is the off-going output than if A is the off-go- 
ing element. This is because the negative-going voltage 
generated at B must travel to A, whereupon the corrective 
signal is generated, which subsequently propagates back 
toward C. Thus the corrective signal lags behind the initial 
transient, as observed at C, by twice the line delay between 
A and B. On the other hand, if the output at A generates the 
negative-going transient, the corrective response starts 


when the transient reaches point B. Consequently, the tran- 
sient duration observed at C is shorter by twice the line 
delay from A to B. 


A c 
Rr 


Vit 
TL/F/9901-23 
FIGURE 4-13. Relative to Wired-OR Propagation 


Backplane Interconnections 


Several types of interconnections can be used to transmit a 
signal between logic boards. The factors to be considered 
when selecting a particular interconnection for a given appli- 
cation are cost, impedance discontinuities, predictability of 
propagation delay, noise environment, and bandwidth. Sin- 
gle-ended transmission over an ordinary wire is the most 
economical but has the least predictable impedance and 
propagation delay. At the opposite end of the scale, coaxial 
cable is the most costly but has the best electrical charac- 
teristics. Twisted pair and similar parallel wire interconnec- 
tion cost and quality fall in between. 


For single-wire transmission through the backplane, a 
ground plane or ground screen (Chapter 5) should be pro- 
vided to establish a controlled impedance. A wire over a 
ground plane or screen has a typical impedance of 1509 
with variations on the order of +33%, depending primarily 
on the distance from ground and the configuration of the 
ground. Figure 4-74 illustrates the effects of impedance vari- 
ations with a 15-inch wire parallel terminated with 150 to 
—2V. Figure 4-14b shows source and receiver waveforms 
when the wire is in contact with a continuous ground plane. 


B 


WIRE OVER GND PLANE OR SCREEN 


150 2 


~2.0V 
TL/F/9901-24 


a. Wire over Ground Plane or Screen 


H=5nsi/div 
V=0.4 ns/div 


TL/F/9901-25 
b. Wire in Contact with Ground Plane 


H =5nsidiv 
V =0.4 Vidiv 


TL/F/9901-26 
c. Wire Spaced 4” from Ground Screen 


FIGURE 4-14. Parallel Terminated Backplane Wire 
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Backplane Interconnections (Continued) 


The negative-going signal at the source shows an initial step 
of only 80% of a full signal swing. This occurs because the 
quiescent HIGH-state current Ioy (about 7 mA) multiplied by 
the impedance of the wire (approximately 902) is less than 
the normal signal swing, and this condition allows the driver 
emitter follower to turn off. The negative-going signal at the 
receiving end is greater by 25% (1 + p = 1.25). The receiv- 
ing end mismatch causes a negative-going reflection which 
returns to the source and establishes the Vo, level. The 
positive-going signal at the source shows a normal signal 
swing, with the receiving end exhibiting approximately 25% 
overshoot. 


Figure 4-14c shows waveforms for a similar arrangement, 
but with the wire about 1% inch from a ground screen. The 
impedance of the wire is greater than 1502 termination, but 
small variations in impedance along the wire cause interme- 
diate reflections which tend to lengthen the rise and fall 
times of the signal. As a result, the received signal does not 
exhibit pronounced changes in slope as would be expected 
if a 2009 constant impedance line were terminated with 
1500. 


Series source resistance can also be used with single wire 
interconnections to absorb reflection. Figure 4-15a shows a 
16-inch wire with a ground screen driven through a source 
resistance of 1009. The waveforms (Figure 4-15b) show 
that although reflections are generated, they are largely ab- 
sorbed by the series resistor, and the signal received at the 
load exhibits only slight changes and overshoot. Series ter- 
mination techniques can also be used when the signal into 
the wire comes from the PC board transmission line. Figure 
4-16a illustrates a 12-inch wire over a ground screen, with 
12-inch microstrip lines at either end of the wire. The output 
is heavily loaded (fan-out of 8) and the combination of im- 
pedances produces a variety of reflections at the input to 
the first microstrip line, shown in the upper trace of Figure 
4-16b. The lower trace shows the final output; a comparison 
between the two traces shows the effectiveness of damping 
in maintaining an acceptable signal at the output. Figure 
4-16c shows the signals at the input to the driving gate and 
at the output of the load gate, with a net through-put time of 
8.5 ns. The circuit in Figure 4-16a is a case of mismatched 
transmission lines, discussed in Chapter 3. 
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Signal propagation along a single wire tends to be fast be- 
cause the dielectric medium is mostly air. However, imped- 
ance variations along a wire cause intermediate reflections 
which tend to increase rise and fall times, effectively in- 
creasing propagation delay. Effective propagation delays 
are in the range of 1.5 to 2.0 ns per foot of wire. Load 
capacitance at the receiving end also increases rise and fall 
time (Chapter 3), further increasing the effective propaga- 
tion delay. 


16” WIRE OVER GROUND SCREEN 


TL/F/9901-27 


a. Wire over Ground Screen 





H = 10 nsidiv 
V=0.3 Vidiv 
TL/F/9901~28 


b. Series Terminated Waveform 
FIGURE 4-15. Series Terminated Backplane Wire 





Backplane Interconnections (continued) 


12” MICROSTRIPS OUTPUT 


12” WIRE OVER 


GROUND SCREEN 
INPUT 


TL/F/9901-29 
a. Backplane Wire Interconnecting PC Board Lines 


H = 10 nsi/div 
V=0.4 Vidiv 


TL/F/9901-30 
. Signals into the First Microstrip and at the Loads 


S INPUT 





H = 10 ns/div 
V =0.4 Vidiv 


TL/F/9901-31 
c. Input to Driving Gate and Output of Load Gate 


FIGURE 4-16. Signal Path with Sequence 
of Microstrip, Wire, Microstrip 


Better control of line impedance and faster propagation can 
be achieved with a twisted pair. A twisted pair of AWG 26 
Teflon* insulated wires, two twists per inch, exhibits a prop- 
agation delay of 1.33 ns/ft and an impedance of 115. 
Twisted pair lines are available in a variety of sizes, imped- 
ances and multiple-pair cables. Figure 4-17a illustrates sin- 
*Teflon is a registered trademark of E.l. du Pont de Nemours Conpany. 
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= Vir 
TL/F/9901-32 


a. Single-ended Twisted Pair 


TL/F/9901-33 
b. Differential Transmission Reception 


TL/F/9901-34 
c. Backplane Data Bus 


FIGURE 4-17. Twisted Pair Connections 


gle-ended driving and receiving. In addition to improved 
propagation velocity, the magnetic fields of the two conduc- 
tors tend to cancel, minimizing noise coupled into adjacent 
wiring. 

Differential line driving and receiving complementary gates 
as the driver and a 100314 line receiver is illustrated in Fig- 
ure 4-17b. Differential operation provides high noise immu- 
nity, since common mode input voltages between —0.5V 
and —2.0V are rejected. The differential mode is recom- 
mended for communication between different parts of a sys- 
tem, because it effectively nullifies ground voltage differenc- 
es. For long runs between cabinets or near high power tran- 
sients, interconnections using shielded twisted pair are rec- 
ommended. 


Twisted pair lines can be used to implement party line type 
data transfer in the backplane, as indicated in Figure 4-17c. 
Only one driver should be enabled at a given time; the other 
outputs must be in the Vo, state. The Vpp reference volt- 
age is available on pin 22 of the flatpak and pin 19 of the 
dual-in-line package for the 100314. 


In the differential mode, a twisted pair can send high-fre- 
quency symmetrical signals, such as clock pulses, of 
100 MHz over distances of 50 to 100 feet. For random data, 
however, bit rate capability is reduced by a factor of four or 
five due to line rise effects on time jitter.3 
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System Considerations 


Backplane Interconnections (Continuea) 


Coaxial cable offers the highest frequency capability. In ad- 
dition, the outer conductor acts as a shield against noise, 
while the uniformity of characteristics simplifies the task of 
matching time delays between different parts of the system. 
In the single-ended mode, Figure 4-18a, 50 MHz signals can 
be transferred over distances of 100 feet. For 100 MHz op- 
eration, lengths should be 50 feet or less. In the differential 
mode, Figures 4-18b, c, the line receiver can recover small- 
er signals, allowing 100 MHz signals to be transferred up to 
100 feet. The dual cable arrangement of Figure 4-18c pro- 
vides maximum noise immunity. The delay of coaxial cables 
depends on the type of dielectric material, with typical de- 
lays of 1.52 ns/ft for polyethylene and 1.36 ns/ft for cellular 
polyethylene. 


- 


TL/F/9901-35 
a. Single-Ended Coaxial Transmission 


TL/F/9901-36 
b. Differential Coaxial Transmission 


TL/F/9901-37 
c. Differential Transmission with Grounded Shields 


FIGURE 4-18. Coaxial Cable Connections 
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Chapter 5 
Power Distribution and Thermal Considerations 


Introduction 


High-speed circuits generally consume more power than 
similar low-speed circuits. At the system level, this means 
that the power supply distribution system must handle the 
larger current flow; the larger power dissipation places a 
greater demand on the cooling system. The direct current 
(DC) voltage drop along ground busses affects noise mar- 
gins for all types of ECL circuits. Voltage drops along Veg 
busses have only a slight effect on F100K circuits, but they 
require consideration to obtain the performance available 
from the family. 


Logic Circuit Ground, Vcc 


The positive potential Vcc and Vcca in ECL circuits is the 
reference voltage for output voltages and input thresholds 
and should therefore be the ground potential. When two 
circuits are connected in a single-ended mode, any differ- 
ence in ground potentials decreases the noise margins, as 
discussed in Chapter 7. This effect for TTL/DTL circuits, as 
well as for ECL circuits, is illustrated in Figure 5-71. The fol- 
lowing analysis assumes some average value of current 
flowing through the distributed resistance along the ground 
path between two circuits. For the indicated direction of Ig, 
the shift in ground potential decreases the LOW-state noise 
margin of the TTL/DTL circuits and the HIGH-state noise 
margin of the ECL circuits. If lg is flowing in the opposite 
direction, it increases these noise margins, but decreases 
the noise margins when the drivers are in the opposite 
state. For tabulation of ground currents in ECL, the designs 
must include termination currents as well as lee operating 
currents. ECL logic boards which use microstrip or stripline 
techniques generally have large areas of ground metal. This 
causes the ground resistance to be quite low and thus mini- 
mizes noise margin loss between pairs of circuits on the 
same board. 





TL/F/9902-1 


TTL/DTL ECL 
V'oL=Voi= +IlgRa V’oH= Vout |aRe 
IgRe = (V'oL— VoL) = Noise Margin Decrease =IqRg=(V’oH— Von) 

FIGURE 5-1. Effect of Ground Resistance 
on Noise Margins 
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In practice, two communicating circuits might be located on 
widely separated PC cards with other PC cards in between. 
The net resistance then includes the incremental resistance 
of the ground distribution bus from card to card, while the 
ground current is successively increased by the contribution 
from each card. Figure 5-2 illustrates a distribution bus for a 
row of cards with incremental resistances along the bus. 


GND 
INPUT 


ei yy n a re a) a) ") 


CARD 1 2 3— —-j- —— — —-k- —— — =n 
POSITION 
TL/F/9902-2 


r = Incremental Bus Resistance between Positions 
i = Average Ground Current per Card 


FIGURE 5-2. Ground Shift Along a Row of PC Cards 
The ground shift can be estimated by first determining an 
average value of current per card based on the number of 
packages, the mix of SSI and MSI, and the number and 
types of terminations. With n cards in the row, an average 
ground current (i) per card, and an incremental bus resist- 
ance (r) between card positions, the bus voltage drops be- 
tween the various positions can be determined as follows: 


between positions 1 and 2: vy_2 = (n — 1)ir 
between positions 1 and 3: v4_3 = (n — 1)ir + 
(n — 2)ir 
between positions 1 and 4: vy_4 = (n — 1) ir + 
(n — 2)ir + 
(n — 3)ir 
Vien = ir ((n — 1) + 
(n — 2) + (n— 3) © 
+... 4+[n—-—(n— 1)]} 
=ir{1t{+2+3 


+... 4+(n- 1)] 
n-1 


Vien = ir n 


1 
For a row of 15 cards, for example, the total ground shift 
between positions 1 and 15 is expressed as in Equation 5-1. 
14 ; 


between 1 and n: 


V4-15 = n=ir(1+2+3+...4+13 + 14) 


1 
105 ir 


(5-1) 
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Power Distribution and Thermal Considerations 


Logic Circuit Ground, Vcc (Continued) 


The ground shift between any two card positions j and k can 
be determined as follows for the general case. 


Vj-k = (n — j)ir + In- G+ 1)lir + 
[n — (+ 2)] ir 
+o..4+ in Gt KEY ir 
= (k — j) nir — ir {j + G + 1) + G+ 2) 
+... + [j + (kj-1)]} 
k-1 k—-1 


Wek = k= Dnir— ie)” n=ilk-pa- > n] 


j j 
In a row of 15 cards, the ground shift between positions four 
and nine, for example, is determined as follows. 
vi-k = ir (9 — 4)15-(4+5+6+7 + 8)] 
= ir (75 — 30) = 45ir 

The ground shift between the same number of positions 
further down the row is Jess because of the decreasing cur- 
rent along the row. Consider the ground shift between card 
positions 10 and 15. 
Vio-15 = ir [(15 — 10)15 — 

(10 + 11+12+4+ 13 + 14)] 

= ir (75 — 60) = 15ir 

These examples illustrate several principles the designer 
should consider regarding the ground distribution bus and 
assignment of card positions. The bus resistance should be 
kept as low as possible by making the cross-sectional areas 
as large as practical. Logic cards which represent the heavi- 
est current drain should be located nearest the end where 
ground comes into the row of cards. Cards with single-end- 
ed logic wiring between them should be assigned to posi- 
tions as close together as possible. Conversely, if the 
ground shift between two card positions represents an un- 
acceptable loss of noise margin, then the differential trans- 
mission and reception method i-.e., twisted pair, should be 
used for logic wiring between them, thereby eliminating 
ground shift as a noise margin factor. 


(5-2) 


(5-3) 


(5-4) 


Conductor Resistances 


Conductors with large cross-sectional areas are required to 
maintain low voltage drops along power busses. For conve- 
nience, Figure 5-3 lists the resistance per foot and the 
cross-sectional area for more common sizes of annealed 
copper wire. Other characteristics and a complete list of 
sizes can be found in standard wire tables. A useful rule-of- 
thumb regarding resistances and, hence, areas is: as gauge 
numbers increase, resistance doubles with every third 
gauge number; e.g., the resistance per foot of #10 wire is 
1 mQ, for #13 wire it is 2 mN. Similarly, the resistance per 
foot of #0 wire is 0.078 mQ, which is half that of #2 wire. 


For calculations involving conductors having rectangular 
cross sections, it is often convenient to work with sheet 
resistance, particularly for power distribution on PC cards. 
Copper resistivity is usually given in ohm-centimeters, indi- 
cating the resistance between opposing faces of a 1 cm 
cube. The sheet resistance of a conductor is obtained by 
dividing the resistivity by the conductor thickness. These 
relationships follow. 
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Cross-Sectional 
Area 
Square Inches 


5.213 X 10-2 


2.062 X 10-2 
8.155 x 10-3 


Resistance 


5.129 x 10-3 
1.276 x 10-3 
5.046 x 10-4 
1.996 x 10-4 
7.894 x 10-5 


FIGURE 5-3. Resistance and Cross-Sectional Area 
of Several Sizes of Annealed Copper Wire 
Copper resistivity = p = 1.724 x 10-6 Ncm @ 20°C 
| | 
Resistance of a conductor = p— = p— 
p A p tw 


t = thickness w = width 


| 
Sheet resistance ps = fo per~ 


where: | = length 


The length/width ratio (I/w) is dimensionless; therefore, the 
resistance of a length of conductor of uniform thickness can 
be calculated by first determining the number of ‘‘squares,”’ 
then multiplying by the sheet resistance. For example, a 
conductor one-eighth inch wide and three inches long has 
24 squares; its resistance is 24 times the sheet resistance. 
Since many thickness dimensions are given in inches, it is 
convenient to express the resistivity in ohm-inch, as follows. 
p(Qin.) = p(Qcem) + 2.54 = 6.788 x 10-7 Nin. 

The use of sheet resistance and the ‘‘squares” concept is 
illustrated by calculating the resistance of the conductor 
shown in Figure 5-4. Assume the conductor is a 1 02. cop- 
per cladding with a 0.0012 inch minimum thickness on a PC 
card. 


y y=2" In=t" 


wy = 1/4" |<——_R 1__>:. + —__R2—> 
|< R23 we = 1/2" 


Iy=15" oY 








h 
<________—-R TOTAL» 


TL/F/9902-3 
FIGURE 5-4. Conductor of Uniform Thickness 
but Non-Uniform Cross Section 


Sheet resistance = pg = . 


= 5.657 X 10-42 per square 


The number of squares S for the rectangular sections are as 
follows. 

| | 
si=+t=8 S,=2=3 

Wi Wa 
The middle average segment of the conductor has a trapez- 
iodal shape. The average of w; and wo can be used as the 
effective width, within 1% accuracy, if the wo/wy ratio is 1.5 
or less. Otherwise, a more exact result is obtained as fol- 
lows. 


1 
So = me ee (“2) = 4|n2 = 2.77 squares (5-5) 
Wo — W4 W4 
TotalR = Ry + Ro + Rg = pg(Sq + Sp + So) 


= 7.51 m2 


Conductor Resistances (continued) 


As another example, assume that a 1 02. trace must carry a 
200 mA current six inches with a voltage drop less than 


w = 120 p, = (120) 5.657 X 10-4 = 67.9 x 10-3 

*. minimum trace width, w = 68 mils 

At a higher current level, consider the voltage drop in a 
conductor 20 mils thick, 1.25 inches wide and 3 feet long 
carrying a 50A current. 


6.788 xX 1077 
= oa = 3.364 x 10-5 per square 


V = IR — (50) (3.364 x 10- 5) 


1.25 
= 0.0484 = 48.4 mV 


Sheet resistances for various copper thicknesses are listed 
in Figure 5-5. Standard thicknesses and tolerances for cop- 
per cladding are tabulated in Figure 5-6 and resistance per 
foot as a function of width is shown in Figure 5-7. 


(5-7) 


Sheet 


Weight : 
or Resistance Thickness 


Thickness ehindd 
Square 


2.715 x 10-4 
1.886 x 10-4 


Sheet 
Resistance 
per Square 


3.364 x 10-5 
1.358 x 10-5 
1.077 x 10-4 1.086 x 10-5 
6.788 x 10-5 2.715 x 10-6 


FIGURE 5-5. Sheet Resistance for Various 
Thicknesses of Copper 


Nominal Thickness pomnal bay i 
Weight 
in| mm oi | Weight, % ae 


+ 0.0002 
+ 0.0004 
— 0.0002 
+ 0.0007 
—0.0003 
+ 0.0006 
+ 0.0006 
+ 0.0007 
+ 0.0008 
+0.001 

+0.0014 
+ 0.002 


FIGURE 5-6. Thickness and Tolerances for 
Copper Cladding 
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CONDUCTOR WIDTH — INCHES 


Ni uN 200 500 
A dea kare — m2 PER FOOT 
TL/F/9902-4 
FIGURE 5-7. Conductor Resistance vs 
Thickness and Width 


Temperature Coefficient 

The resistances in Figures 5-3, 5-5, and 5-7, as well as 
those used in the sample calculations, are 20°C values. 
Since copper resistivity has a temperature coefficient of ap- 
proximately 0.4%/°C, the resistance at a temperature (T) 
can be determined as follows. 

Rr = Reagec [1 + 0.004 (T + 20°C)] 

At 55°C: 

R = Roorc [1 + 0.004 (55°C — 20°C)] = 1.14 Roorc 
When specifying power bus dimensions for PC cards con- 
taining many IC packages, designers should bear in mind 
that excessive current densities can cause the copper tem- 


perature to rise appreciably. Figure 5-8 illustrates the ohmic 
heating effect of various current densities.1 


LEED 
EE 


(5-8) 


CURRENT —A 





100 150 
CROSS-SECTIONAL AREA — mil? 


TL/F/9902-5 
FIGURE 5-8. Temperature Rise with Current 
Density in PC Board Traces 
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Power Distribution and Thermal Considerations 


Distribution Impedance 


Power busses should have low AC impedance, as well as 
low DC resistance, to prevent propagation of extraneous 
disturbances along the distribution system. As far as current 
or voltage changes are concerned, power and ground bus- 
ses appear as transmission lines; thus their impedances can 
be affected by shape, spacing and dielectric. The effect of 
geometry on impedance is illustrated in the two arrange- 
ments of Figure 5-9. The same cross-sectional area of cop- 
per is used, but the two round wires have an impedance of 
about 750 while the flat conductors have an impedance 
determined as follows. 
2, = 377d f d re 

0 (en Tor h . 
With a Mylar®* or Teflon®* dielectric (e€ = 2.3) two mils 
thick, impedance of the flat conductor pair is only 0.59. 
Power line impedance can be reduced by periodically con- 
necting RF-type capacitors across the line. 


AREA =0.02 SQIN. 





Zo = 750 


d=0.002" | |~— 
Zp = 0.752 
(AIR DIELECTRIC) 
TL/F/9902-6 
FIGURE 5-9. Effect of Geometry 
on Power Bus Impedance 


“Mylar and Teflon are registered trademarks of E.I. du Pont de Nemours 
Company. 


Ground on PC Cards 


It is essential to assign one layer of copper cladding almost 
exclusively to ground. This provides low-impedance, non-in- 
terfering return paths for the current changes which travel 
along signal traces when the IC outputs change state. 
These currents flow from the Vcca pins of the IC packages, 
through the output transistors, then into the loads and the 
stray capacitances. These stray capacitances exist from an 
output to Veg, output to ground, and to other signal lines. 
Thus, displacement currents through stray capacitances 
flow in many paths, but must ultimately return through 
ground to the output transistor where they originated. To 
reduce the length and impedance of the return path, the 
ground metal should cover as large an area as possible and 
one decoupling capacitor should be provided for every one 
to two IC packages. Additional capacitors may be needed 
for multiple output devices. These capacitors should be ce- 
ramic, monolithic or other RF types in the 0.01 pF to 0.1 wF 
range. 


The load current returning to an IC package through ground 
metal is predictable, both in magnitude and in the return 
path. Since the magnetic and capacitive coupling between a 
signal trace and the underlying ground provides the trans- 
mission line characteristic, it follows that the load current 
flowing through the signal trace is accompanied by a ground 
return current equal in magnitude but opposite in direction. 
For example, in a 509 terminator lo, is 5.9 mA, IoH is 
20.9 mA. Then signal change will cause about 15 mA cur- 
rent change and, as this current change propagates along 
the signal trace, a current of —15 mA advances along the 
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ground directly underneath the signal trace. Therefore, if 
there is an interruption in the ground, the return current is 
forced to go around it. The 15 mA current change can be 
reduced by terminating the complementary output of the 
signal. Then a signal change will direct the current from true 
output to the complement output reducing the A currents in 
the ground plane. When it is necessary to interrupt the 
ground plane, the interruptions should be kept as short as 
possible; every effort should be made to locate them away 
from overlying signal lines. When the ground plane is inter- 
rupted for short signal lines between packages, these lines 
should be at right angles to signal lines on the other side to 
minimize coupling. Veg and Vyr7 distribution lines can also 
act as the return side of transmission lines, as long as de- 
coupling capacitors to ground are placed in the immediate 
areas where the signal return current must continue through 
ground. 


Several connections along the edge of a PC card should be 
assigned to ground to accommodate backplane signal 
ground. These should be spaced at one-half to one inch 
intervals to minimize the average path length for signal re- 
turn currents and to simulate a distributed connection to the 
backplane signal ground. 


Not enough emphasis can be placed on the requirement for 
a good ground. All input signals are referenced to internal 
Vep and the Vgp is referenced to Vcc (ground). Any varia- 
tion from one side of the board to the other affects the noise 
margins. To help eliminate some of the variations a sepa- 
rate Vcca is provided on F100K ECL circuits to power the 
output drivers and leave the Vcc going to internal circuitry 
unaffected. 


Backplane Construction 


In order to take complete advantage of the speeds inherent 
in F100K ECL it is desirable to construct the backplane as a 
multilayer printed circuit board. Generally, two internal lay- 
ers are devoted to ground and Veg and the signals occupy 
the outside layers. Where power densities are very high, it 
may be necessary to supplement the power layers with ex- 
ternal busses (see Backplane Interconnections, Chapter 4). 


If it is necessary to use wires to augment the interconnec- 
tion provided by the traces, less critical signals should use 
the wires. The wires will exhibit an impedance which can be 
calculated with the wire-over-ground formula 


138 4h 


Zo = ME. Logio a: (5-9) 


where d is diameter, h is distance to ground, and é is di- 
electric constant. 


Bear in mind that if the ground plane is buried inside the 
board, then both h and e are made up of multiple compo- 
nents. 


Termination Supply, Vrr 


A separate return voltage for the termination resistors offers 
a way to minimize power dissipation in systems extensively 
using parallel termination techniques. A-2V Vyy7 value rep- 
resents an optimum speed/power trade-off, allowing suffi- 
cient termination current to discharge load capacitances 
while minimizing the average power consumption. Figure 
5-10 shows the average values of current, IC power dissipa- 
tion and resistor power dissipation for various values of the 
termination resistor Ry returned to —2V. Average values 
are determined by calculating the output HIGH and output 
LOW values, then taking the average. These 50% duty cy- 


Termination Supply, V7 (Continued) 

cle values are useful in determining the current drain on the 
—2V supply and the contribution to dissipation on the logic 
boards. Peak values of termination current are approximate- 
ly 60% greater than the average values listed. 

DC regulation of the —2V supply is not critical; a variation of 
+5% causes a change in output levels of +12 mV for 500 
terminations or +7 mV for 1009 terminations. 

The high frequency characteristics of the V7 distribution 
are extremely important. Ideally, a solid voltage plane 
should be devoted to Vrr. If this is not feasible, the Vt7 
distribution should form a grid using orthogonal traces. In 
any case, decoupling capacitors to ground should be used 
to reduce the high frequency impedance. 


> Zo 


ViT=-2.0V 
TL/F/9902-7 


res aoe 
: | Icoutput_| Resistor _| 
7.9 
6.8 


10.3 5. 


14.6 
12.2 


50 13.6 
62 11.0 
. 





90 7.6 8 
100 6.8 9.2 5.3 
150 4.5 6.2 3.7 


FIGURE 5-10. Average Current and Power Dissipation 
for Parallel Termination to —2V 


lf the terminators used are in Single In-line Packages (SIP) 
or Dual-In-line Packages (DIP) as opposed to discrete resis- 
tors, particular attention must be given to decoupling in or- 
der to maintain a solid V77 voltage inside the package. This 
is necessary to avoid crosstalk due to mutual inductance to 
Vr. SIPs have been developed which have multiple Vt7 
connections and on-board decoupling capacitors. 


Vee Supply 

The value of Veg is not critical for F100K since all circuits in 
the family operate over the range of —4.2V to —5.7V. De- 
coupling capacitors to ground should be used on each card, 
as previously discussed in connection with the ground on 
PC cards. In addition, each card should used 1 pF to 10 pF 
decoupling capacitors near the points where Veg enters the 
card. 
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The current drain for the Vee supply for each circuit type 
can be determined from the data sheet specifications. For 
Vee values other than —4.5V, the current drain varies as 
shown in Figure 5-17. This graph is made from data from the 
100301. 


NORMALIZED SUPPLY CURRENT 


-2.5 -—3.0 -3.5 -40 -4.5 -—5.0 -5.5 -6.0 -6.5 
Vee — SUPPLY VOLTAGE — V 


TL/F/9902-8 
FIGURE 5-11. Supply Current vs 
Supply Voltage for 100301 


Series dividers used to obtain Thevenin equivalent parallel 
terminations increase the current load on the Veg supply, as 
do the pull-down resistors to Veg used with series termina- 
tion. Average Veg current and resistor dissipation for Theve- 
nin equivalent terminations are listed in Figure 5-13 for sev- 
eral representative values of equivalent resistance. The av- 
erage values apply for 50% duty cycle. Peak current values 
are approximately 11% greater. Dissipation in the IC output 
transistor is the same as in Figure 5-170. Average dissipation 
and leg current for several values of pull-down resistance to 
Vee are listed in Figure 5-74. The Re values are appropriate 
for series termination of transmission lines with impedances 
listed in the Zo column, determined from Equation 4-12. 
Peak current values are approximately 12% greater than 
average values. 


Figures 5-10, 13 and 714 show that the Thevenin equivalent 
parallel termination method leads to ten times as much dis- 
sipation in the resistors as in the single resistor returned to 
— 2V. Similarly, the dissipation in Re for series termination is 
three times the dissipation in the parallel termination resistor 
to —2V. 
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Power Distribution and Thermal Considerations 


| Vee Supply (Continued) | 


Voc = GND " Rs Zp 






IRE Re 
TL/F/9902-11 
Pp (avg) mw 
a i IEE (avg) (avg) 
Vee=—-4.5V Vir=-2V mA IC Output | icoutput | Re | 
TL/F/9902-10 


- Rig ~ Reo IEE (avg) | Pp (avg) MW 
= 1.80Ry | = 2.25Ry7 mA Resistors 








FIGURE 5-14. Average Current and Power Dissipation 
Using Pull-Down Resistor to Veg 


Reference 
1. Harper, C.A., Editor, Handbook of Wiring, Cabling and In- 
FIGURE 5-13. Series Divider for Thevenin terconnecting for Electronics, McGraw-Hill, 1972. 


Equivalent Terminations 
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Chapter 6 
Testing Techniques 


Introduction 


The purpose of this chapter is to assist personnel involved 
with incoming inspection and qualification testing, by dis- 
cussing the various methods and techniques used in testing 
ECL devices. 


Testing includes verifying functionality, checking DC para- 
metric limits and measuring AC performance. These tasks 
are particularly difficult for ECL devices in light of the broad 
range of products: RAMs, PROMs, gate arrays, and logic 
circuits. Correlation between supplier and user is extremely 
important. Recognizing the differences between high-vol- 
ume instantaneous testing, as performed by the supplier, 
and the user’s concern for long term performance in a given 
operating environment, National guarantees the data sheet 
limits as specified, although testing may be performed by 
alternate methods. 


Tester Selection 


Although many makes and types of automatic test systems 
are available and in use today, not all are capable of testing 
ECL RAMs, PROMs, logic and gate arrays. 


Logic and gate array testers require DC Accuracy, subnano- 
second AC test capability, and the ability to change soft- 
ware for each device. Software capability and the number of 
test pins available are major considerations in choosing a 
gate array tester. Functional, DC and threshold tests are 
successfully performed on automatic test equipment, but 
subnanosecond propagation delays are difficult to measure 
accurately. 


The use of dedicated testers to perform high-volume memo- 
ry testing is very common. Testers containing hardware ad- 
dressing capability are usually the most efficient. Although 
basic DC testing is similar for any device type, RAM and 
PROM functional testing usually require special addressing 
capabilities to test for pattern sensitivity. The pattern gener- 
ators and output comparators must have minimum skew to 
obtain maximum tester accuracy. Functional and AC tests 
are performed simultaneously; then, DC and threshold tests 
are performed. 


The following considerations must be taken into account 
when selecting a tester. 

Noise 

Since the voltage swing on ECL input and output levels is 
only about 800 mV, it is very important that the power sup- 
plies and voltage drivers be extremely clean and free of 
spikes, hum, or any other type of noise. 

DC Resolution 

The threshold measurements (Viy (Min)» ViL (Max)) require 
that input voltage be extremely accurate and repeatable, 
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i.e., if the Vi_ (Max) is specified as —1.475V, a voltage 
source of — 1.475 +5 mV is not adequate to accurately test 
the part. Ideally, the driver and the output comparators 
should have an accuracy of +1 mV. 


Current Capability 


Since ECL is noted for high current requirements, power 
supplies for Vee should be capable of supplying current with 
a 25% reserve over the highest powered parts. This reserve 
should be included because power supplies tend to get 
noisy when approaching the current clamp. Some ECL LS! 
parts dissipate over 4.5W; therefore, with a Veg of —4.5V, 
the power supply must provide well over 1A. 

Edge Rates 

When testing edge-triggered sequential logic parts such as 
flip-flops and shift registers, it is important that the rise and 
fall times of the clock pulses be fast, clean and free from 
overshoot. If the clock edges are not adequate, the deficien- 
cy can be overcome using a Schmitt trigger as shown in 
Figure 6-1. 


RELAY TELEDYNE 
5-712 5V 

2x FORM 

“C” CONTACTS 


TO DEVICE 
UNDER TEST 
68 1) 


TL/F/9903-1 
FIGURE 6-1. Typical Schmitt Trigger Circuit 


The 682. resistor provides hysteresis by positive feedback, 
thus improving the edge rates. When energized, the relay 
provides a path to bypass the Schmitt trigger, so the input 
currents of the device under test can be measured. 
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Functional Testing 


The functional operation and truth table for all device types 
are checked using automatic test equipment. For memory 
devices, pattern sensitivity and AC characteristics are also 
tested automatically. Functional testing is usually performed 
before DC testing. Logic parts are functionally tested in all 
modes of operation. The inputs are driven using typical Viy 
and Vi, values. The outputs are compared against relaxed 
Vou and Voz limits. The Vin, Vit, Vou and Vo_ limits are 
tested during DC testing. 
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DC Testing 

Ani automatic tester is Used to test ali DC parame 
on the individual data sheet for each input and output. The 
device may have to be preconditioned to obtain the correct 
output logic state. The cable length should be kept to a 
minimum to insure signal integrity. 
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Threshold Measurements 


Threshold measurement on an automatic tester is probably 
the most difficult DC test and the test most prone to oscilla- 
tion. When testing, take one input at a time to threshold; all 
other inputs remain at full Vit; or Vi_ levels. For example, to 
test a flip-flop, make sure the output is LOW before test, 
take the data pin to HIGH threshold, and apply the clock 
pulse. Verify that the HIGH has been transferred to the out- 
put. Next, apply LOW threshold to the data input and clock it 
through; use hard levels on the clock (full Vj and Vj). 
Check that the output pin goes LOW. 














X- Y PLOTTER 





Occasionally, it is necessary to obtain data not easily avail- 
able from an automatic tester. This is accomplished by test- 
ing devices in a universal test board. The typical test circuit 
board is double-clad copper. All input/output pins go to sin- 
gle-pole, triple-throw switches so that VjH, Vi_ or a 502, ter- 
minating resistor can be connected. Leadless 0.05 uF ca- 
pacitors decouple all pins to Vcc (+2V) at the socket pins. 
Access to the device under test is made via banana sockets 
to the X-Y plotter. 


Vin/Vout Plot—The input ramp supply is OV to —2V varied 
by a multi-turn potentiometer. The input voltage (Vin) versus 
output voltage (Vout) is plotted on an X-Y recorder using 
the test setup shown in Figure 6-2. 


Vout/lour Plot—The output voltage (Vout) versus output 
current (Ioyt) can be plotted using the test setup shown in 
Figure 6-3. 
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FIGURE 6-2. Vin/Vout Transfer Characteristics 
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FIGURE 6-3. Vout/lour Characteristics 
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AC Testing 


Because few automatic measurements systems have suffi- 
cient accuracy to perform subnanosecond testing, AC test- 
ing of ECL is one of the most difficult tests to accomplish. 
To obtain subnanosecond accuracy usually requires special 
test fixtures and equipment. The physical location of the test 
fixture, the input driver and the output comparator is very 
important. 


Depending upon the accuracy and repeatability of the auto- 
matic tester, a bench setup may be required for correlation. 
Comparing an air line with known propagation delay to the 
test setup is recommended. — 


AC Test Fixtures 


Test fixture design plays a pivotal role in insuring that undis- 
torted waveforms are applied to the Device Under Test 
(D.U.T.) and that the device output can be monitored cor- 
rectly. 


Board Construction and Layout 


ECL AC bench test fixtures are built on a double-clad print- 
ed circuit board or on a multilayer printed circuit board with 
semi-rigid coax. The power planes are shorted at the device 
and brought out to banana sockets with the decoupling ca- 
pacitors at the device. Transmission lines of 509 are main- 
tained from soldered-on BNC or SMA connectors to the 
D.U.T. Sense lines from the D.U.T. output and input pins to 
the connectors must be of electrically equal length. For in- 
put pins, care must be taken to insure that the force and 
sense lines are brought directly to the point that makes con- 
tact with the D.U.T. For output pins, only the output sense 
lines are used to monitor the signals. The force lines are 
disconnected at the device to minimize signal distortion. 
Special care must be taken to minimize crosstalk and stray 
capacitance in the area of the D.U.T. For correlation, flat- 
paks are not tested in sockets but are clamped to the traces 
of a multilayer PC board. Dual in-line devices are plugged 
into individual pin sockets instead of normal test sockets. 
Due to equipment limitations and for correlation, the ampli- 
tude, offset, rise and fall time are set up with no device in 
the test socket. 

The bench test fixture to measure toggle frequency utilizes 
the principles described in the preceding paragraph except 
that the feedback path between the output and data input is 
as short as possible. 

Output Termination 

All outputs should be terminated with 509 +1% resistors. 
This is especially important for complementary outputs. 
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When bench testing, the device is offset by +2V; Veg is 
—2.5V; Vcc, Veca is +2V. Then the 502 input impedance 
of the sampling oscilloscope acts as the termination resistor 
to OV. The input and output coaxial cable to the oscillo- 
scope should be cut to exactly the same electrical length. 
Decoupling 

Not enough emphasis can be put on the importance of good 
decoupling on the D.U.T. because oscillations can give erro- 
neous test results. A sampling scope should be used to 
make sure that oscillation is not occurring. 


The value of capacitors used depends on the type of tester 
used and the frequency of test. Some testers use pulse test; 
in other words, for each individual test in a program, Veg is 
powered up and down. On this type of tester, electrolytic- 
type (i.e., large value) capacitors cannot be used because of 
the time constant needed to charge the capacitor. 


Always start with the minimum decoupling needed to 
achieve good results, perhaps merely a capacitor between 
Voc and Veg. Capacitors should be placed as close as pos- 
sible to the D.U.T. to eliminate as much inductance as pos- 
sible. Only low-inductance capacitors should be used; lead- 
less monolithic ceramic capacitors are very effective. 


There are no rigid decoupling rules, and each device type 
may have its own decoupling requirements. A typical decou- 
pling technique that works well on most F100K devices is to 
place 0.01 uF to 0.1 nF monolithic ceramic capacitors in 
the following !ocations. 


© If no offset is used: 
between Veg (—4.5V) and Vcc, Voca (OV) 
between Vrr (—2V) and ground (OV) 
If + 2V offset is used: 
between Vcc, Vcca (+2V) and ground (0V) 


between Veg (—2.5V) and ground (OV) 


In most cases, Voca and Vcc should be shorted as close 
to the D.U.T. as possible. However, if the Voca and Vcc 
pins are physically separated, individual decoupling ca- 
pacitors may be necessary. 


For DC test only place a 0.001 pF capacitor: 
between an input pin and Vee 
between an output pin and Vcca 


Decoupling problems will appear mainly at threshold test. If 
certain outputs fail, try the decoupling technique, described 
in the preceding paragraph, on those outputs and the asso- 
ciated inputs. With testers that use the power-hold method, 
such as the Sentry®, large electrolytics can be used in par- 
allel with smaller (0.01 ,.F) disk capacitors for the high-fre- 
quency bypass. 
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ELECTROSTATIC DISCHARGE 


Introduction 


The study of ESD failures began in earnest back when sys- 
tem designers, faced with very expensive assembly and 
post-assembly rework, began investigating system failures 
in great detail. In the course of their study, they checked all 
the records to determine which devices has passed earlier 
testing, but had failed once in the system. The data clearly 
indicated that something in the handling process resulted in 
higher attrition rates among the devices. Reliability physi- 
cists examined the failed devices in minute detail, in some 
cases subjecting them to examination under high powered 
scanning electron microscopes. 


The problem was found to be one of electrical overstress, 
and further investigation determined that the cause of the 
overstress was a phenomenon called electrostatic dis- 
charge (or ESD). 


Explanation of How ESD Occurs 


The concept of electrostatic discharge is easily understood. 
Electrostatic energy is static electricity, a stationary charge 
which can build up in either a nonconductive material or in 
an ungrounded conductive material. This charge can occur 
in one of two ways, either through polarization, which occurs 
when a conductive material is exposed to a magnetic field, 
or triboelectric effects, which occur when two surfaces con- 
tact and then separate, leaving one positively charged and 
one negatively charged. Friction between two materials in- 
creases triboelectric charge by increasing the surface area 
that comes in contact. A good example of this phenomenon 
would be the charge one accumulates walking across a ny- 
lon carpet. The discharge occurs when one reaches for a 
doorknob or other conductive surface. The types of ESD 
with which we will be concerned fall into the category of 
triboelectric effects. Within this category, various materials 
have differing potentials for charge. Asbestos, nylon, human 
and animal hair and wool have a high positive triboelectric 
potential. Silicon has one of the highest negative triboelec- 
tric potentials, followed by such materials as polyurethane, 
polyester and rayon. Cotton, wood, steel and paper all tend 
to be relatively neutral, which makes cotton clothing and 
steel table tops excellent ESD protective materials in envi- 
ronments where ESD problems can be anticipated. 


The intensity of the charge is inversely proportional to the 
relative humidity. As humidity decreases, ESD problems in- 
crease. For example, walking across a carpet will generate 
a 1.5 kV charge at 90%RH, but will generate 35 kV at 
10%RH. When an object storing a static charge comes in 
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contact with another object, the charge will attempt to find a 
path to ground, discharging into the contacted object. Al- 
though the current level is extremely low (typically less than 
0.1 nanoamp), the voltage can be as high as 35-50 kV. 


The degree of damage caused by electrostatic discharge is 
a function of the size of the charge (which is determined by 
the capacitance of the charged object) and the rate at which 
itis discharged (determined by the resistance into which it is 
discharged). This relationship can be shown with a wave- 
form (Figure 6-4 ) that utilizes what is termed a double expo- 
nential decay pulse. With such a pulse, 99% of the energy 
will be dissipated in five time constants, with each time con- 
stant established by the resistance and capacitance men- 
tioned above. Where both are low, the discharge rate will be 
rapid enough to cause damage if the object into which dis- 
charge occurs is a semiconductor. As resistance and ca- 
pacitance increase, both the discharge rate and the risk of 
damage decrease. 
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TL/F/9903-6 
FIGURE 6-4. Ideal RC Waveform 


It is estimated that the value of devices lost to ESD could 
run as high as $1 billion per year. Most electrostatic damage 
is caused by the handling of devices by personne! who have 
not taken adequate precautions. One would expect this in 
light of the fact that the capacitance of the human body 
ranges from 50 to 200 pF. The ESD characteristics of work 
surfaces and of materials passing through the area should 
not be ignored, however, in an attempt to concentrate on 
the human effect. 


Types of ESD Damage 


The damage caused by ESD results from the charge’s tend- 
ency to seek the shortest path to ground, overstressing any 
electrical interfaces in that path. There are several different 
types of damage that result, and each of these tends to be 
typical of specific component technologies and elements. 


Dielectric Breakdown 


Dielectric breakdown occurs when the voltage across an 
oxide exceeds its dielectric breakdown strength. The single 
most important factor in this breakdown is the oxide thick- 
ness (Figure 6-5). Thinner oxide is more susceptible to elec- 
trostatic punch-through, which leaves a permanent low-re- 
sistance short through the oxide. Where there are pin holes 
or other weaknesses in the oxide, damage will be possible 
at lower charge levels. It should be noted that semiconduc- 
tor manufacturers have reduced oxide thicknesses as they 
have reduced the overall size of the devices. ESD sensitivity 
has therefore increased dramatically. 
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FIGURE 6-5. Bipolar Transistor 


Electrostatic charge which does not actually result in a 
breakdown can cause lattice damage in the oxide, lowering 
its ability to withstand subsequent ESD exposure. A weak- 
ened lattice will also have a lower breakdown threshold volt- 
age, and this mechanism is voltage dependent. 


Thermal Secondary Breakdown or Junction Burnout 


Junction burnout is a significant failure mechanism for bipo- 
lar devices, and tends to be power dependent rather than 
voltage dependent. The interface (or junction) between a 
P-type diffusion and an N-type diffusion normally has a posi- 
tive temperature coefficient at low temperatures (that is, in- 
creased temperature will result in increased resistance). 
When a reverse-biased pulse is applied, the junction dissi- 
pates heat in its very narrow depletion region, and the tem- 
perature increases rapidly. If enough energy is applied, the 
temperature of the junction will reach a point at which the 
temperature coefficient of the silicon will turn negative (that 
is, at which increased temperature will result in decreased 
resistance). Since the area of the junction is not uniform, hot 
spots occur. When the melting temperature of silicon 
(1415°C) is reached as a result of the ensuing thermal run- 
away condition, junction melting occurs in the localized 
area. If there is an additional energy available after the initia- 
tion of melt, the hot spot can grow into a filament short. The 
longer the pulse, the wider the resultant filament short. 


After the occurrence of the transient, the silicon will resolidi- 
fy. In a relatively short pulse, a hot spot may form, but not 
grow completely across the junction. As a result, the dam- 
age may not manifest itself immediately as a junction short 
but will appear at a later time as a result of electromigration. 
Shrinking geometries will decrease junction areas, and this 
should increase the susceptibility of these devices to ESD 
related junction problems. 
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Metallization Melt 


Semiconductor interconnect metallization typically has a 
small cross-sectional area and limited current carrying capa- 
bility. As feature sizes continue to be reduced, metallization 
cross-section will be reduced as well. Reducing metalliza- 
tion line width by half and metallization thickness by half 
reduces the current carrying capability of that metallization 
stripe by 75%. Metallization melt, which is a power-depen- 
dent failure mechanism, is more likely to occur during short 
duration, high current pulses, since the only available heat 
sink (the bonding pad) is nearby and the heat dissipated in 
the metallization does not have time to flow into the sur- 
rounding areas. It can also occur as a side effect during 
junction melt. 


Latent Failures 


Immediate failure resulting from ESD exposure is easily de- 
termined: the device no longer works. A failed device may 
be removed from the lot or from the subassembly in which it 
is installed, and it represents no further reliability risk to the 
system. There are, however, devices which have been ex- 
posed to ESD but which have not immediately failed. Unfor- 
tunately, there has never been sufficient data dealing with 
the long-term reliability of devices which have survived ESD 
exposure, although some experts feel that two to five devic- 
es are degraded for every one that fails. It should be obvi- 
ous from an examination of the failure mechanisms de- 
scribed above that there can be significant degradation 
without immediate failure. Damage can manifest itself in ei- 
ther a shortening of the device’s lifetime (a possible cause 
for many of the infant mortality failures seen during burn-in) 
or in electrical performance shifts, many of which cause the 
device to fail electrical test limits. 


ESD Protective Measures 


It should be obvious then that there are three principal con- 
siderations when dealing with ESD. The first is that the de- 
vice should be designed in a manner that minimizes ESD 
sensitivity and incorporates some ESD protective features. 
The second is that both manufacturers and users must un- 
derstand the ESD susceptibility of the devices with which 
they are dealing. Thirdly, both user and manufacturer must 
understand the generation of and sources of ESD charges 
well enough to establish proper precautions throughout their 
plants. 


Device Design 


The continuing development of faster and more complex 
ICs makes it unlikely that we will see a return to thicker 
oxide layers or larger junctions. Early |Cs used fairly simple 
clamping diodes on the inputs to protect them against volt- 
age transients in the system. Similar, but more complex pro- 
tective networks can be employed to provide ESD protec- 
tion. An example of such circuitry is shown in Figure 6-6 as it 
is employed in the design of the F100K 300 Series family. 
Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs specifically in the circuit paths that 
were most prone to ESD damage on F100K 100 Series 
products: input-to-Vcc, input-to-Vee, and output-to-Voc. 





sanbiuysel BulyseL 





Testing Techniques 





300 
SERIES L# 
INPUT 


These diodes (D1, D2 and D3) are utilized to shunt the cur- 
rent caused by an ESD voltage pulse away from either the 
input or output circuitry. Depending on the polarity of the 
ESD voltage, the diodes either become forward-biased, di- 
recting the current into the supply, or go into reverse break- 
down, directing the current into the substrate. Either way the 
ESD-caused current is shunted away from the input and 
output transistors, avoiding damage to the circuitry. The di- 
odes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro- 
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product’s input capacitance. 


Assessing ESD Tolerance Levels 


As awareness of the importance of addressing ESD con- 
cerns spread, many experts felt that ESD testing had to be 
uniform if results were to be shared. Method 3015 of MIL- 
STD-883 was created for the purpose of allowing manufac- 
turers to assess the ESD tolerance levels of the devices 
they offered and to allow users to determine the ESD sensi- 
tivity of the parts with which they were assembling systems. 
Method 3015 has established a test circuit (see Figure 6-7) 
which approximates the resistance and capacitance found 
in the human body (which continues to provide the major 
source of destructive ESD). The testing is performed by 
charging the capacitor in the test circuit and then discharg- 
ing that capacitor into the unit under test. After testing, a 
device will be classified as either Class 1, those devices 
which exhibit ESD-induced failure or degradation at levels 
between zero volts and 1,999V; or Class 2, those which may 
exhibit ESD sensitivity at levels between 2,000V and 
3,999V; or Class 3, those devices which may exhibit ESD 
sensitivity at levels above 4,000V but have passed all test- 
ing up to that level. This testing is performed on a sample 
basis at initial device qualification and need not be repeated 
unless the device is redesigned. The testing is considered 
destructive, even for those devices which do not fail. 
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FIGURE 6-7. ESD Test Circuit 
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FIGURE 6-6. 300 Series ESD Protection Circuitry 
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A device may be characterized as Class 1 in lieu of testing 
at a manufacturer’s discretion. Some manufacturers, con- 
cerned with the possibility of latent damage due to inade- 
quate protection of devices which test as Class 2, and con- 
cerned that static charges resulting from handling can run 
as high as 50 kV, have elected to treat all of their devices as 
Class 1, thus ensuring that consistent implementation of 
common handling procedures will provide maximum protec- 
tion for all devices. 


Data generated by an RADC study of electrostatic dis- 
charge susceptibility (VZAP-1, Spring 1983) would seem to 
support that kind of a conservative approach. The data (see 
Figure 6-8 ) shows the point at which failure first occurred 
for a given device. It indicates that there are a number of 
devices which can be expected to fail between 2 kV and 
5 kV, but few that will survive beyond 10 kV. 


Those devices which are classified as Class 1 must be 
marked with one equilateral triangle, and those classified as 
Class 2 must be marked with two equilateral! triangles to 
identify them as static sensitive. (Class 3 devices will have 
no top mark designator.) 


TABLE |. Device ESD Failure Threshold Classification 


ESD Precautionary Measures 


ESD protective measures fall into two categories: those 
which shield the device from ESD and those which contro! 
the occurrence of ESD. ESD shielding can be accomplished 
by either grounding all of the device leads together, thus 
providing a more direct path to ground, or by surrounding 
the device with insulating material that would keep ESD 
from reaching the device. The first method is most practical 
during device assembly and environmental test, the second 
during shipment and storage. However, neither can be uti- 
lized during electrical testing. 


Most of the handling of ICs, however, occurs during electri- 
cal testing. Testing cannot be performed if the device’s 
leads are shorted together, nor can it take place if the de- 
vice is within an insulated container. Contro! of ESD during 
testing is therefore extremely important. This is accom- 
plished through the grounding of all potential sources of 
ESD. Stainless steel work surfaces connected to ground 












through an appropriate resistive element provide a harmless 
bleed-off of any charge that occurs. Requiring that all per- 
sonne! who handle devices wear ground straps can effec- 
tively eliminate the human body and its clothing as sources 
of ESD. It is also important to minimize the handling of de- 
vices. This can be partially accomplished through the use of 
automated test handlers, which allow the devices to be 
loaded into the testers from ESD-protective rails and re- 
turned to those rails from the tester. Equally important is the 
elimination of any unnecessary testing or test insertions. 
Semiconductor manufacturers have decreased the number 
of test insertions for many devices by combining parametric, 
functional and switching tests onto a single insertion test 
program. Users have minimized handling by relying more 
heavily on the testing performed by their vendors and by 
eliminating incoming testing. Pick-and-place systems and 
other automated board assembly hardware have also 
helped to minimize device handling. Most systems manufac- 
turers have also implemented procedures that minimize the 
handling of boards and subassemblies in order to ensure 
that devices receive no potentially damaging exposure to 
ESD after board assembly. 
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Effective control of ESD, however, cannot be accomplished 
unless the entire work area is designed around ESD con- 
cerns. At the National Mil/Aero facilities, all work areas in 
which parts may be handled or through which parts may 
pass have ESD-protective flooring in addition to grounded 
work surfaces, ground straps for all operators, and other 
protective features. This level of attention to detail is essen- 
tial to the minimization of ESD problems. 


Summary 


Electrostatic discharge will continue to be a major concern 
for those who use semiconductor devices. As device geo- 
metries continue to shrink, the ESD sensitivity of devices 
will increase. Only through proper handling and packaging, 
and through proper attention to ESD concerns will we be 
able to ensure that long term reliability of key systems is not 
negatively affected by ESD problems. 


10kV 12 kV 14kV 16 kV 


_————_—_ 


TL/F/9903-10 


FIGURE 6-8. Failure Rate at Ascending ESD Voltages 


5-57 





sanbiuyde! Husa) 





300 Series Package Qualification 


~Y4National 


4.44 Semiconouctor 





Chapter 7 
300 Series Package Qualification 


INTRODUCTION 


In order to facilitate migration from the original F100K ECL 
100 Series (1001XX) family to the F100K ECL 300 Series 
(1003XxX) family, National Semiconductor has published this 
guide to 300 Series qualification. Much of the focus is 
toward the secondary migration of ceramic to plastic pack- 
aging. 

This guide contains thermal comparison data by package 
type, AC comparison data by package type, input capaci- 
tance comparison data by package type, and other valuable 
information for use in qualifying the 300 Series for your ap- 
plication. 


The original F100K 100 Series family (1001XX) was the ac- 
cepted standard for subnanosecond logic used in high- 
speed next-generation systems. The main features were: 


¢ High speed: 750 ps internal gate delays 

¢ Temperature compensation (signal levels, noise 
margins) 

¢ Complementary outputs (with no sacrifice of speed) 


¢ High common mode noise rejection (differential line 
receivers) 


¢ Easy-to-use edge rates (1V/ns) 

High fanout capability 

¢ Wired-OR capability 

¢ Low EMI 

Low impedance drive capability (259, 509) 

Optimum 1/O pin assignment (side power pins, outputs 
adjacent to GND) 

But, while perfectly adequate for its original intended pur- 
pose (supercomputers, mainframes, etc.), the 100 Series 
had several limitations that gave some system designers 
reasons to avoid utilizing the superior performance of 
F100K ECL. Some of those problem areas were power con- 
sumption, limited temperature and voltage ranges, the ab- 
sence of ESD protection, limited packaging options, incom- 
patibility with + 5.0V systems, and no military product avail- 
ability. 

F100K 300 Series ECL was introduced with plastic packag- 
ing options to retain all the traditional benefits and high per- 
formance of the original 100 Series, along with some key 
enhancements: 


¢ POWER REDUCTION: 300 Series power consumption 
was reduced by 30%-50% from original 100 Series lev- 
els (even while increasing the specified voltage range 
from —4.8V to —5.7V). This improvement has lowered 
F100K power-per-bit to the same or less than 10K/10KH 
ECL fevels. Also, ECL power levels are constant over 
frequency, making 300 Series the low-power bipolar al- 


5-58 


ternative above 45 MHz, and the overall low-power alter- 
native (including both Bipolar TTL and CMOS logic fami- 
lies) above 60 MHz. 


EXTENDED TEMPERATURE RANGE: The 300 Series 
has been designed to operate at Commercial (0°C to 
+85°C), Industrial (—40°C to +85°C), and Military 
(—55°C to + 125°C) temperature ranges. 

EXTENDED VOLTAGE RANGE: The 300 Series has 
been designed to operate over an extended voltage 
range of —4.2V to —5.7V, spanning the voltage ranges 
of all ECL logic families, and also making it possible to 
operate ECL in a +5.0V system. 


NEW OUTPUT SKEW SPECS: The improvements to the 
300 Series circuitry that have increased the temperature 
and voltage ranges also make it possible to specify sev- 
eral output skew parameters on the PCC package which 
guarantee the level of pin-to-pin skew and output duty 
cycle degradation. 


ESD PROTECTION: The 300 Series has been designed 
to have a minimum of 2,000V of electrostatic discharge 
(ESD) protection, which helps eliminate ‘‘walking wound- 
ed” at incoming test, and even ESD-related board fail- 
ures. 


INCREASED PACKAGING OPTIONS: The 300 Series is 
now offered in 28-lead Plastic Chip Carrier (PCC), 
24-lead 400 mil Plastic DIP (PDIP), and 24-lead 300 mil 
SOIC. The availability of plastic packaging allows Nation- 
al Semiconductor to set initial PDIP and SOIC pricing sig- 
nificantly below historic F100K ECL pricing. 


+5.0V COMPATIBILITY: The increased voltage range 
of the 300 Series allows it to be operated in a +5.0V 
system. Also, several Single-Rail Positive ECL (PECL) 
devices, which translate from differential ECL operated 
at + 5.0V to traditional TTL-compatible levels, have been 
developed. 

MILITARY AVAILABILITY: The 300 Series is in com- 
plete compliance with the requirements of MIL-STD-883 
for Class B devices. Also, DESC has initiated Standard 
Military Drawings (SMD’s) for the 300 Series. 

An F100K 300 Series device is easily identified by the de- 
vice numbering scheme. A typical F100K 100 Series device 
was referred to as 1001XX, 300 Series devices are referred 
to as 1003XX. For example, the 100101 has been replaced 
by the 100301. This naming convention carries throughout 
the whole family. 


POWER REDUCTION 


New Process 


F100K 300 Series ECL is fabricated using an advanced iso- 
planar technology called FAST-LSI. FAST-LSI includes 
many improvements over FAST-Z (the process used for the 


original F100K 100 Series ECL), which enhance perform- 
ance, manufacturability, and reliability. Both processes are 
descendants of Fairchild’s Isoplanar II oxide-isolated pro- 
cess which yielded the industry standard FAST® family of 
products. 


Power Comparison (1001XX vs 1003XxX) 


Parasitic capacitances and resistances are reduced due to 
smaller geometries, allowing significant power reduction, up 
to 50% lower than FAST-Z. Dual-Supply (ECL, TTL) Level 
Translators were prime candidates for power reduction 
since they have a high supply voltage across the part (nomi- 
nally 9.5V, 5V TTL plus 4.5V ECL). The 1003XX replace- 
ments for the 1001XX level translators (100124, 100125, 
100128) all exhibit a 50% power reduction from the 1001XX 
part. 
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For more information on the FAST-LSI process, refer to the 
Family Overview. 


Decreased Junction Temperature 


With the lower power of the 300 Series, there is a reduction 
in junction temperature when converting from 100 Series in 
ceramic packaging to 300 Series in plastic packaging. This 
factor, combined with the inherent flat power requirements 
over frequency of ECL circuitry, enable designers to use 
ECL in plastic in high performance systems which have sig- 
nificant power constraints and little or no airflow, such as 
desktop workstations. Figure 7-1 compares the junction 
temperatures of the original 100 Series packaged in CDIP 
with 300 Series ECL packaged in PDIP, PCC, and SOIC. 
Figure 7-1 represents worst case conditions: zero airflow, 
power current at the maximum limit, and a 70°C ambient 
temperature. 
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100 AND 300 SERIES ECL DEVICE TYPES. 


FIGURE 7-1. Junction Temperature Comparison (Ceramic vs Plastic Packaging) 
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300 Series Package Qualification 


The Effect of Airflow on Junction Temperature 


A small amount of airflow significantly decreases the ther- 
mal resistance of the plastic packages. Figure 7-2 shows 
the impact of airflow on the thermal resistance of the PDIP 
package. Most of the benefit from adding airflow is realized 
in the first 225 linear feet per minute (LFPM). The reduction 
in thermal resistance due to the increase in airflow signifi- 
cantly reduces the device junction temperature. Figure 7-3 
is identical to Figure 7-7, with the exception of a moderate 


airflow of 225 LFPM. 
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The junction temperatures in Figures 7-7 through 7-3 are 
based on the worst possible case of power dissipation, 
which assumes that the device is being cporated at the 
maximum power supply voltage (—5.7V) and that the power 
supply current is marginal to the extreme maximum current 
limit. Using nominal power dissipation (—4.5V supply volt- 
age with typical power supply current) significantly reduces 
the calculated junction temperature increase with respect to 
ambient. 


As an example, at 70°C ambient, the 100324SC has a worst 
case junction temperature of 135°C, whereas its nominal 
junction temperature is 112°C. 


Family Performance Comparisons 


No matter what the frequency or duty cycle is, ECL circuitry 
draws constant DC power, eliminating the noise margin 
jeopardy associated with the dynamic switching currents of 
other technologies. When an internal ECL gate switches, 
the gate current is simply redirected from one side of the 
gate to the other, yielding no net change in power require- 
ments, even at frequencies of 50 MHz—250 MHz or more. In 
addition, the complementary output buffers of ECL are simi- 
lar in that there is no dynamic switching current, which 
results in no ground bounce. Figure 7-4 compares power 
consumption over frequency on several octal registers 
(100353, 74ALS374, 74F374, and 74AC374). This graph 
shows that the power requirements of the 300 Series 
100353 are less than all of the other technologies above 
60 MHz. 


O 100 SERIES CDIP Tj, 225 LFM, 70°C 
© 300 SERIES PDIP Ty, 225 LFM, 70°C 
A 300 SERIES SOIC Tj, 225 LFM, 70°C 
C 300 SERIES PCC T,, 225 LFM, 70°C 
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100 AND 300 SERIES ECL DEVICE TYPES. 


FIGURE 7-3. Junction Temperature Comparison (Ceramic vs Plastic Packaging) 
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FIGURE 7-4. Power Comparison by Technology 


Speed-Power Product over Frequency 


The speed-power product is one generally accepted mea- 
sure of overall device performance. When the power num- 
bers from Figure 7-4 are weighted with the device speed 
performance (in Figure 7-5, effectively producing a plot of 
speed-power product over frequency), the benefits of ECL 
become even more evident. At frequencies greater than 
5 MHz, ECL exhibits the lowest speed-power product. 


EXTENDED VOLTAGE RANGE 
AND IMPROVED NOISE MARGIN 


F100K 300 Series ECL was designed with a more stabilized 
voltage reference generator, which allows all products to 
offer a single set of DC Input/Output specifications across a 
wider supply range (—4.2V to —5.7V) than the original 
F100K 100 Series (see Figure 7-6). 
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Regardless of whether the designer’s system is F100K in- 
put/output levels at a nominal —4.5V, F100K input/output 
levels at a nominal —5.2V, 10K input/output levels at a 
nominal —5.2V or ECL operated on a nominal + 5.0V rail, 
the single set of 300 Series DC input/output specifications 
guarantee full operation. This allows easy interconnectivity 
with ECL ASICS, RAM’s, 10K- and 10 KH-compatible logic, 
and + 5.0V TTL devices. As usual, if F100K ECL is driving a 
10K ECL input (non-temperature-compensated), care must 
be taken when operating at ambient temperatures above 
56°C. 

ECL has an inherent insensitivity to power supply (Veg) vari- 
ations, since ECL is referenced to ground (Vcc), unregulat- 
ed power supplies do not cause changes in input thresholds 
or output levels. 
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FIGURE 7-5. Speed/Power Comparison by Technology 
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INTERFACING WITH TTL WHEN ECL IS AT +5.0V 
FIGURE 7-6. 300 Series (Extended Specified Voltage Range) 
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This single set of DC specifications increases 300 Series 
noise margin to a minimum of 140 mV compared to 115 mV 
of the original 100 Series (see Figure 7-7). 


OUTPUT SKEW 


ECL Skew 

ECL is inherently low skew due to several factors. The dif- 
ferential pair circuitry of ECL keeps the skew between 
“true” and “complement” outputs to a minimum. The lack 
of dynamic current demands during switching eliminates the 
skew associated with power supply pin impedance and its 
associated ‘‘ground bounce” effects. Lastly, ECL is not a 
saturating logic, so LH-to-HL skew is also minimized. 


Addition of Skew Specifications 

Several skew specifications, chosen based on system per- 
formance demands, have been added to the 300 Series 
ECL PCC AC datasheet specifications for most devices to 
enable ECL designers to take advantage of ECL low skew. 
The parameters (tos_H, tosHL tost and tps) relate back to 
a specific system requirement which helps the designer to 
compensate for pin-to-pin skew and output duty cycle deg- 
radation. (For a more detailed explanation, refer to the Fam- 
ily Overview Section.) 


THERMAL CONSIDERATIONS 


To calculate the operating junction temperature (Ty) of 
F100K ECL 300 Series devices, one can use either of the 
two equations listed below, depending on whether the ambi- 
ent temperature (Ta) or case temperature (Tc) is known: 
Ty = Ta + (Pox 9a) 
Ty = Tc + (Ppx Jc) 
One can see that the junction temperature of a device is 
dependent on thermal factors in the environment (Ta or Tc), 
the power dissipation of the device itself (Pp), and package- 
dependent thermal resistance coefficients (Asa or AJ). 


100 SERIES LOGIC 
-870 Voy MAX 


Voy MIN = 
VIN MIN = 


Vip MAX 
WL = 115mV 
Vo. MAX 


300 SERIES LOGIC 
100 SERIES LOGIC 


Calculating Device Power Dissipation 


The device power dissipation Pp is a function of the maxi- 
mum absolute value of device power (Veg max), the maxi- 
mum absoulte value leg limit (lee sax), the number of load- 
ed outputs in the high state (nh), and the number of loaded 
outputs in the low state (nl), as follows: 


Pp = (Vee max * lee max) + 
(nh X [Voy X lon)) + (nl X [VoL X loz) 
Vee MAX is defined either by the worst case power supply 
voltage in a specific application, or it can be taken from the 
databook absolute value maximum limit (—5.7V). lee max is 
taken from the databook device specification. 


The second and third factors of the power dissipation (Pp) 
equation depend on the output loading scheme used; for 
the standard 509 to —2V ECL load, this term results in 
27 mW per complementary output pair (14 mW for the out- 
put at Von, and 13 mW for the output at Vo,). Figures 5-70 
and 5-74 in Chapter 5 of this databook list output power 
dissipation figures for multiple combinations of parallel and 
serial output terminations. Pp for single-ended ECL outputs 
should be calculated with the outputs in the high state, 
which is worst case. 


03a and 9jc are package-dependent thermal resistance co- 
efficients derived empirically in the National Semiconductor 
Packaging Development Laboratory in compliance with MIL- 
STD-883 Method 1012. The laboratory presents data on 
each package using several die sizes to generate a family of 
curves. The data is taken at several airflows. From the ther- 
mal resistance charts (Figures 7-8 through 7-72), increased 
airflow reduces the thermal resistance. Increase die size 
also reduces the thermal resistance, which is convenient 
since die size corresponds in general with device power. 
Table 7-1 contains die areas of 1003XX devices to use in 
conjunction with the thermal resistance charts in Figures 7-8 
through 7-72. 


300 SERIES LOGIC 
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FIGURE 7-7. 300 Series Improved Noise Margins 
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THERMAL RESISTANCE (°C/W) 
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FIGURE 7-12. Thermal Resistance by Die Area (Ceramic Quad Flat Pack (QFP)) 
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TABLE 7-1. F100K 300 Series Die Area 
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Case Temperture vs Ambient Temperature: 
What is the Difference? 


F100K ECL Logic is specified over a case temperature 
range, aS opposed to an ambient temperature range. There 
is a critical difference between case temperature and ambi- 
ent temperature that can not be overlooked, and can be 
shown with the following example: 
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Looking at a 300 Series device with typical power dissipa- 
tion and thermal resistance figures: 


OA 9JC Pp 
68°C/W Ss 32°C/W 0.5 W 
At Ta = 70°C, the junction temperature is calculated as: 
Ty=Tat (Pp X 9Ja) 
= 70°C + (0.5 W X 68°C/W) 
= 70°C + 34°C 
= 104°C 
Using the same Ty of 104°C to work back toward a Tc, you 
get: 
Te Sy (Pp X Jc) 
= 104°C — (0.5 W X 32°C/W) 
= 104°C — 16°C 
= 88°C 
So, on this device at a Ty of 104°C, Tc is 18°C higher than 
Ta (88°C vs 70°C). Figure 7-13 shows that the difference 
between Tc and Ta increases linearly with increasing Pop— 
everything else being equal, a 1.0W device in the above 
scenario would have a 36°C difference (2 x 18°C) between 
To and Ta. 
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FIGURE 7-13. Case vs Ambient Temperature 
24-Lead PDIP 


The difference between Tc and Ta decreases with increas- 
ing airflow. In fact, Tc is the temperature of the case when 
measured at 2000 LFM (closely approximates infinite air- 
flow). 


PACKAGING OPTIONS 


The low power designs of 300 Series ECL, combined with 
the manufacturability of the FAST-LS! process, have en- 
abled the 300 Series to be offered in packaging that takes 
up less board space than the standard 400-mil DIP of the 
original 100 Series, namely the 28-lead Plastic Chip Carrier 
(PCC) and 24-lead 300-mil SOIC. These plastic package so- 
lutions can dramatically increase board density and reduce 
user cost compared to the package offerings of the original 
100 Series. 
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300 Series Package Qualification 


The required board space for the 24-lead PCC is 113% less 
than that for 24-lead 400-mil DIP packages. The SOIC is a 
103% reduction compared to the DIP. 

The new 24-lead 400 mil Plastic DIP is intended as a drop-in 
replacement cost reduction for all users of ‘100 Series” or 
300 Series” 24-lead 400 mil Ceramic DIP. 


PACKAGE COMPARISONS 


A comparison between the SOIC, PDIP, CDIP, and PCC 
packages (prop delays, input capacitance) is provided here 
to assist in the transition from ceramic to plastic packaging. 


AC Comparisons 


Two devices were selected for the AC comparison: the 
100304 is a simple ECL gate in which inputs and outputs are 
found on both side pins and corner pins of the dual-in-line 
packages, and the 100325 is an ECL-TTL level! translator 
which represents the dynamic current switching effects of 
TTL outputs. 


The results show that there is less than 100 ps of difference 
in the 100304 D, — Op propagation delay between all 
four packages (see Figure 7-14). 
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FIGURE 7-14. Propagation Delay 
Comparison by Package, 100304 


1100 


1000 


Tpp (pS) 
ro 
° 
° 








Figure 7-15 shows that the CDIP package exhibits a 
130 ps—150 ps spread between side pins and corner pins, 
whereas ine PDIP package rediices that io SO ps, indicating 
that dual-in-line packaging has an inherent pin-to-pin skew. 
Due to the complementary nature of ECL circuitry and its 
flat power requirements over its frequency range, the ef- 
fects of differences in power supply lead inductance and 
capacitance are minimized. Therefore, the minimal differ- 
ence between packages, and the extremely low output 
skew displayed in Figures 7-14 and 7-15, should be expect- 
ed. Once dynamic supply current effects are eliminated, the 
difference in propagation delay measurements between 
packages are mainly due to differences in package lead 
length, and measurement accuracy. 

Figure 7-16 shows that there is less than 300 ps difference 
between the four packages on a 3 ns measurement on the 
100325, even with its TTL outputs. 
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FIGURE 7-16. Propagation Delay 
Comparison by Package, 100325 
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FIGURE 7-15. Propagation Delay Comparison PDIP vs CDIP, 100304 


Figure 7-17 shows that the differences between corner pins 
and side pins on a 100325 in a DIP package are negligible, 
although the outputs (Q3, Q4, and Q5) closest to the TTL 
supply (VTTL) pins have a somewhat tighter range of values 
than the outputs (Q0, Q1 and Q2) closest to the ground 
(Vcc) pins. 

This data shows that there is negligible difference in AC 
propagation delay between the CDIP, PDIP, SOIC and PCC 
packages. 


Figures 7-18 and 7-20 show that the PCC package is an 
electrically symmetrical package, all outputs exhibit similar 
propagation delays. Figures 7-19 and 7-27 show that the 
SOIC package exhibits similar characteristics to the PDIP 
package (typically longer delays on corner pins, as opposed 
to side pins). 
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FIGURE 7-17. Propagation Delay 
Comparison PDIP vs CDIP, 100325 
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FIGURE 7-18. Propagation Delay 
Comparison PCC, 100304 
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TL/F/10993-19 
FIGURE 7-19. Propagation Delay 
Comparison PDIP vs SOIC, 100304 


Input Capacitance Comparisons 

Input capacitance differences were also measured between 
packages. The 100304 was used for the input capacitance 
comparison. Figure 7-22 shows that one of the reasons for 
in-line package corner pins exhibiting longer propagation 
delays is due to an increase in lead capacitance on the 
corner pins. 
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FIGURE 7-20. Propagation Delay 
Comparison PCC, 100325 


MINIMUM 
DELAYS 


OUTPUT 
TL/F/10993-21 
FIGURE 7-21. Propagation Delay 
Comparison PDIP vs SOIC, 100325 
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FIGURE 7-22. Input Capacitance 
Dual-in-Line Packages, 100304 
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Chapter 8 
Quality Assurance and Reliability 


Introduction 


F100K ECL is manufactured to strict quality and reliability 
standards. Product conformance to these standards is in- 
sured by careful monitoring of the following functions: (1) 
incoming quality inspection, (2) process quality control, (3) 
quality assurance, and (4) reliability. 


Incoming Quality Inspection 


Purchased piece parts and raw materials must conform to 
purchase specifications. Major monitoring programs are the 
inspection of package piece parts, inspection of raw silicon 
wafers, and inspection of bulk chemicals and materials. Two 
other important functions of incoming quality inspection are 
to provide real-time feedback to vendors and in-house engi- 
neering, and to define and initiate quality improvement pro- 
grams. 


Package Piece Parts Inspection 


Each shipment of package piece parts is inspected and ac- 
cepted or rejected based on AQL sampling plans. Inspec- 
tion tests include both inherent characteristics and function- 
al use tests. Inherent characteristics include physical dimen- 
sions, color, plating quality, material purity, and material 
density. Functional use tests for various package piece 
parts include die attach, bond pull, seal, lid torque, salt at- 
mosphere, lead fatigue, solderability, and mechanical 
strength. In these tests, the piece parts are sent through 
process steps that simulate package assembly. The units 
are then destructively tested to determine whether or not 
they meet the required quality and reliability levels. 


Silicon Wafer Inspection 


Each shipment of raw silicon wafers is accepted or rejected 
based on AQL sampling plans. Raw silicon wafers are sub- 
jected to non-destructive and destructive tests. Included in 
the testing are flatness, physical dimensions, resistivity, oxy- 
gen and carbon content, and defect densities. The test re- 
sults are used to accept or reject the lot. 


Bulk Chemical and Material Inspection 


Bulk chemicals and materials play an important role in any 
semiconductor process. To insure that the bulk chemicals 
and materials used in processing F100K wafers are the 
highest quality, they are stringently tested for trace impuri- 
ties and particulate or organic contamination. Mixtures are 
also analyzed to verify their chemical make-up. 


Incoming inspection is only the first step in determining the 
acceptability of bulk chemicals and materials. After accept- 
ance, detailed documentation is maintained to correlate pro- 
cess results to various vendors and to any variations found 
in mixture consistency. 
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Process Quality Control 


Process quality is maintained by establishing and maintain- 
ing effective controls for monitoring the wafer fabrication 
process, reporting the results of the monitors, and initiating 
valid measurement techniques for improving quality and reli- 
ability levels. 


Methods of Control 


The process quality control program utilizes the following 
methods of control: (1) process audits, (2) environmental 
monitors, (3) process monitors, (4) lot acceptance inspec- 
tions, (5) process qualifications, and (6) process integrity 
audits. These methods of control, defined below, character- 
ize visually and electrically the wafer fabrication operation. 


Process Audit—Audits concerning manufacturing operator 
conformance to specification. These are performed on all 
operations critical to product quality and reliability. 


Environmental Monitor—Monitors concerning the process 
environment, i.e., water purity, air temperature/humidity, 
and particulate count. 


Process Monitor—Periodic inspection at designated pro- 
cess steps for verification of manufacturing inspection and 
maintenance of process average. These inspections pro- 
vide both attribute and variables data. 


Lot Acceptance—Lot by lot sampling. This sampling meth- 
od is reserved for those operations deemed as critical and, 
as such, requiring special attention. 


Process Qualification—Complete distributional analysis is 
run to specified tolerance averages and standard devia- 
tions. These qualifications are typically conducted on depo- 
sition and evaporation processes, i.e., epi, aluminum, vapox, 
and backside gold. 


Process Integrity Audit—Special audits conducted on oxi- 
dation and metal evaporation processes (CV drift—oxida- 
tion; SEM evaluation—metal evaporation). 


Data Reporting 


Process quality control data is recorded on an attribute or 
variable basis as required; control charts are maintained on 
a regular basis. This data is reviewed at periodic intervals 
and serves as the basis for judging the acceptability of spe- 
cific processes. Summary data from the various process 
quality control operations are relayed to cognizant line, engi- 
neering and management personnel in real time so that, if 
appropriate, the necessary corrective actions can be imme- 
diately taken. 

Process Flow 

Figure 8-1 shows the integration of the various methods of 
contro! into the wafer fabrication process flow. The process 
flow chart contains examples of the process quality controls 
and inspections utilized in the manufacturing operation. 





Process Quality Control (Continuea) 


MATERIAL INPUT 
Photo Resist 


Quartzware 
Gas—Dopant and Solvents 
Wafers 





RUN SET UP 
OXIDATION 


MASKING 
PHOTORESIST 
AND ETCHING 


SOLID STATE DIFFUSIONS: 
Buried Layer, Epitaxy, 
Getter, lon Implant, 

Base and Emitter 


THIN FILM: Metal (aluminum, 
nichrome, titanium-tungsten 
and Chemical Vapor) 
Deposition (silox, doped silox 
and nitride passivation) 





WAFER SORT 


OUTGOING 


WAFER 
INSPECTION 





ASSEMBLY 


FIGURE 8-1. Process Flow Chart 
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Process Controls (Examples) 


A. 
B. 
C. 


jes] 


Environmental 
Chemical supplies 


Substrate examination (resistivity, flatness, thickness, 
crystal perfection, etc.) 


. Photoresist evaluation 
. Mask inspections 


. Process audit 


. Process audit/qualification 
. Environmental 
. Process monitors (thickness, pinhole and crack mea- 


surements) 


D. CV Plotting 
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nm 
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00 WD > 
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. Calibration 


. Process audits 

. Environmental 

. Visual examinations 

. Photoresist evaluation (preparation, storage, application, 


baking, development and removal) 


. Etchant controls 
. Exposure controls (intensity, uniformity) 


. Process audits/qualification 

. Environmental 

. Temperature profiling 

. Quartz cleaning 

. Calibration 

. Electrical tests (resistivity, breakdown voltages, etc.) 


. Process audits/qualification 

. Environmental 

. Visual examinations 

. Epitaxy controls (thickness, resistivity cleaning, visual 


examination) 


. Metallization controls (thickness, temperature cleaning, 


SEM, C V plotting) 


. Glassivation controls (thickness, dopant concentration, 


pinhole and crack measurements) 


. Process audit 
. Environmental 
. Visual examinations 


. Process audit 
. Inspection 
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Quality Assurance and Reliability 


Quality Assurance 

To assure that ali product shipped meeis boih iniernai Na- 
tional specifications for standard product and customer 
specifications in the case of negotiated specs, a number of 
QA inspections throughout the assembly process flow (Fig- 
ure 8-2) are required. A flow, much more detailed than the 
one presented in Figure 8-2, governs the assembly of the 
devices and the performance of the environmental, me- 
chanical and electrical tests. 


Reliability 

A number of programs, among them qualification testing, 
reliability monitoring, failure analysis, and reliability data col- 
lection and presentation, are maintained. 


Qualification Programs 


All products receive reliability qualification prior to the prod- 
uct being released for shipment. Qualification is required for 
(1) new product designs, (2) new fabrication processes or 


Operation MIL-STD-883 
.. Method/Condition 
Die Forming/Scribe 
Plate 
Internal Visual (2nd OPT) 2010/B 
QA—lInternal Visual (2nd OPT) 2010/B 
Optional 
Die Attach 
QA—Die Shear Strength 2019 


Ultrasonic Bonding 


QA—Ultrasonic Bond Strength 2011 


Internal Visual (8rd OPT) 2010 


QA—lInternal! Visual (3rd OPT) 2010 


Seal—Solder or Glass 


External Visual (4th OPT) 2009 


QA—External Visual (4th OPT) 2009 


High Temperature Storage 1008/C, E 

Temperature Cycling 1010/C 

Constant Acceleration 2001/E 
TL/F/9904-1 





LAW mnree wv L 
(3) Hew packages or assembly 


run and the results are evaluated against existing reliability 
levels. These results must be better than or equal to current 
product for the new product to receive qualification. 


New Product Designs—Receive, as a minimum, + 125°C 
operating life tests. Readouts are normally scheduled at 168 
hours, 1168 hours and 2168 hours. The samples stressed 
are electrically good units from initial wafer runs. Additional 
life testing, consisting of high-temperature operating life 
test, 85/85 humidity bias tests and bias pressure pot 
(BPTH) tests, may be run as deemed necessary. Redesigns 
of existing device layouts are considered to be new product 
designs, and full qualification is necessary. 


New Fabrication Processes—Qualifications are designed 
to evaluate the new process against the current process. 
Stress tests consist of operating life test, high-temperature 
operating life test, 85/85 humidity bias test and/or biased 


rocesses. Stress tests are 


n 
yrs Vous pope zed 


MIL-STD-883 


Operation Method/Condition 


Plating (Tin/Gold)—Lead Finish 
QA—Plating 2003 


Inspection/Solderability 
Lead Clip and Form 


Seal, Fine 
(Hermeticity Check) 1014 
5 x 10-8 
cc/sec 
Seal, Gross (Hermeticity Check) Bubble Test— 


Fluorocarbon 


Mark and Pack 


QA—External Visual 2009 
QA—Seal, Fine 1014 
(Hermeticity Check) 5 x 10-8 
cc/sec 


Bubble Test— 
Fluorocarbon 


QA—Seal, Gross (Hermeticity 
Check) 


Electrical Test 
QA—Plant Clearance 


Distribution Store 
TL/F/9904-2 


FIGURE 8-2. Generalized Process Flow 


Reliability (continued) 


pressure pot (BPTH) test. In addition, package environment 
tests may be performed. Evaluations are performed on vari- 
ous products throughout the development stages of the 
new process. Units stressed are generally from split wafer 
runs. All processing is performed as a single wafer lot up to 
the new process steps, where the lot is split for the new and 
the current process steps. Then the wafers are recombined, 
and again processed as a single wafer lot. This allows for 
controlled evaluation of the new process against the stan- 
dard process. Both significant modifications to existing pro- 
cess and transferring existing products to new fabrication 
plants are treated as a new process. 


New Packages or Assembly Processes—Qualifications 
are performed for new package designs, changes to exist- 
ing piece parts, changes in piece part vendors, and signifi- 
cant modification to assembly process methods. In general, 
samples from three assembly runs are stressed to a matrix 
shown in Table 8-1. In addition, + 100°C operating life tests, 
85/85 humidity bias tests, biased pressure pot (BPTH) tests 
and unbiased pressure pot tests are performed. 


Reliability Monitors 


Reliability testing of mature products is performed to estab- 
lish device failure rates, and to identify problems occurring 
in production. Samples are obtained on a regular basis from 
production. These units are stressed with operating life tests 
or package environmental tests. The results of these tests 
are summarized and reported on a monthly basis. When a 
problem is identified, the respective engineering group is 
notified, and production is stopped until corrective action is 
taken. 


Current testing levels are in excess of 14,000 units per year 
stressed with operating life tests, and 23,000 units per year 


stressed with package environmental tests. 


Failure Analysis 


Failure analysis is performed on all units failing reliability 
stress tests. Failure analysis is offered as a service to sup- 
port manufacturing and engineering, and to support custom- 
er returns and customer requested failure studies. The fail- 
ure analysis procedure used has been established to pro- 
vide a technique of sequential analysis. This technique is 
based on the premise that each step of analysis will provide 
information of the failure without destroying information to 
be obtained from subsequent steps. The ultimate purpose is 
to uncover all underlying failure mechanisms through com- 
plete, in-depth, defect analysis. The procedure places great 
emphasis on electrical analysis, both external before decap- 
sulation, and internal micro-probing. Visual examinations 
with high magnification microscopes or SEM analysis are 
used to confirm failure mechanisms. Results of the failure 
analysis are recorded and, if abnormalities are found, re- 


ported to engineering and/or manufacturing. 
Data Collection and Presentation 


Product reliability is controlled by first stressing the product, 
and then feeding back results to manufacturing and engi- 
neering. This feedback takes two forms. There is a formal 
monthly Reliability Summary distributed to all groups. The 
summary shows current product failure rates, highlights 
problem areas, and shows the status of qualification and 
corrective action programs. Less formal feedback is ob- 
tained by including reliability personne! at all product meet- 
ings, which gives high visibility to the reliability aspects of 
various products. As a customer service, product reliability 


data is compiled and made available upon request. 


TABLE 8-1. Package Environmental Stress Matrix 


Test 


GROUP B 


Subgroup 1 
Physical Dimensions 


Subgroup 2 
Resistance to Solvents 


Subgroup 3 
Solderability 


Subgroup 5 
Bond Strength 
(1) Thermocompression 
(2) Ultrasonic or Wedge 


GROUP C 


Subgroup 2 
Temperature Cycling 
Constant Acceleration 


Seal 
(a) Fine 
(b) Gross 
Visual Examination 
End-Point Electrical 
Parameters 


MIL-STD-883 
Condition 


Soldering Temperature of 260 + 10°C 


(1) Test Condition C or D 
(2) Test Condition C or D 


Test Condition C (—65°C to + 150°C) 

Test Condition E (30 kg), Y; Orientation and X, Orientation 
Test Condition D (20 kg) for Packages over 5 gram weight or 
with Seal Ring Greater than 2 inches 
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Reliability (Continued) 


Test 


GROUP D 


Subgroup 1 
Physical Dimensions 


Subgroup 2 
Lead Integrity 
Seal 

(a) Fine 
(b) Gross 
Lid Torque 


Subgroup 3 
Thermal Shock 
Temperature Cycling 
Moisture Resistance 
Seal 
- (a) Fine 
(b) Gross 
Visual Examination 
End-Point Electrical 
Parameters 


Subgroup 4 
Mechanica! Shock 
Vibration, Variable 

Frequency 
Constant Acceleration 
Seal 

(a) Fine 

(b) Gross 
Visual Examination 
End-Point Electrical 

Parameters 


Subgroup 5 
Salt Atmosphere 
Seal 
(a) Fine 
(b) Gross 
Visual Examination 


Subgroup 6 
Internal Water-Vapor 
Content 


Subgroup 7 
Adhesion of Lead Finish 


TABLE 8-1. Package Environmental Stress Matrix (Continued) 
MIL-STD-883 


2016 


2004 Test Condition B2 (Lead Fatigue) 
1014 As Applicable 
2024 As Applicable 


Test Condition B (— 55°C to + 125°C) 15 Cycles Minimum 
Test Condition C (—65°C to + 150°C) 100 Cycles Minimum 





2002 Test Condition B (1500g, 0.5 ms) 
2007 Test Condition A (20g) 
2001 Same as Group C, Subgroup 2 


1009 Test Condition A Minimum (24 Hours) 
1014 As Applicable 


1018 
2025 
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Terminating F100K ECL 
Inputs 


INTRODUCTION 


Many F100K designs require that certain inputs be preset to 
a HIGH or LOW level. Because of the construction of the 
F100K input circuitry, a LOW can be realized by simply leav- 
ing the input OPEN. However, a HIGH must be terminated in 
a special way, as simply tying the input to Vcc/Vcca is un- 
acceptable. 


DESIGN CONSIDERATIONS 


The ranges of Vj and Vi_ across Veg (—4.2V to —5.7V for 
F100K ECL 300 Series) are —870 mV to —1165 mV and 
— 1475 mV to -—1830 mV respectively. 


By staying within these ranges, the input conditions are as- 
sured. Figure 7 shows the voltage versus current for the 
F100K input transistor. If the input is tied to Vec/Vcca the 
input transistor saturates (Point D) which can damage inter- 
nal circuitry. The best Vj; to realize a HIGH is a voltage drop 
of 0.9V below Vcc/Vcca. As can be seen from the graph, 
this locates the quiescent point on the flat part of the curve 
(Point C) midway within the acceptable range of Viy. Figure 
2 shows three ways in which a HIGH can be realized on the 
input. These circuits allow the user to maintain constant in- 
put signals at optimum levels of Veg and temperature. Each 
circuit can handle multiple fanouts, the number depending 
upon the maximum current capability of the circuit. The de- 
signer should be aware that although Figures 2A, 2B and 2C 
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supply ECL compatible signal levels, they differ in power 
consumption and susceptibility to changes in temperature 
and Veg. 


For designs where there are multiple unused inputs and ex- 
tra logic gates available, fanout from the unused gates is 
possible. As an example of this, one gate of the 100302 is 
capable of driving ten quiescent inputs at voltage and cur- 
rent levels typical of F100K as shown in Figure 3. 


Figure 4 shows, in more detail, the F100K pull-up scheme 
and the input circuitry. Although the circuits of Figure 2 are 
good examples, a detailed circuit analysis must include the 
50 kf. input resistor. In Figure 4A, the resistor (Rp) which 
sets the diode biasing current is in parallel with the 50 kN 
input resistor. Likewise, the circuit of Figure 4B shows that 
Ra is in parallel with the input resistor. 


The point to emphasize is never tie an F100K input to 

Vcc/Vcca in order to realize a HIGH preset. Instead, the 

following is recommended: 

e For a LOW level—leave input open or tie to Veg. 

e For a HIGH level—tie input to a diode drop or 0.9V be- 
low Voc/Vcca: 

Remember also that the 50 kN input resistor must be con- 

sidered in the circuit parameter calculations. 


INPUT VOLTAGE = 


TL/F/10644-1 


FIGURE 1. Input Characteristics 
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470, 0.9V 


0.1 pF 0.1 pF 


INPUT 


3.6V ZENER 


F TL/F/10644-3 TL/F/10644-4 
TL/F/10644-2 B Cc 


A 


Note: Nominal values are shown. 


FIGURE 2. Equivalent Circuits for HIGH Termination 


Voc 


100302 
} FANOUTS(10 EA) 


Vee Vyq (-2.0V) 
TL/F/10644-5 


FIGURE 3. Utilizing Unused Gates to Terminate Multiple HIGHs and LOWs 


O OUTPUT 





O Ver O Ve 


TL/F/10644-6 TL/F/10644-7 


FIGURE 4. Pull-Up Circuit Examples 
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300 MHz Dual Eight-Way 
Multiplexer/Demultiplexer 


INTRODUCTION 


High speed multiplexing and demultiplexing is an integral 
part of the fast expanding telecommunications market, and 
can be used successfully in inter-computer and intra-com- 
puter wide-path communications. The National family of 
F100K ECL components provides an excellent solution to 
this design problem. This applications note describes a data 
transmission scheme that can transfer information at the 
rate of 75 Mbytes per second using only four twisted pair 
transmission lines. 


Using 100341 8-Bit Shift Registers as parallel to serial and 
serial to parallel converters it is possible to design a simple 
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mux/demux that can operate at speeds as high as 300 MHz 
(Figure 1). The data to be multiplexed onto the transmission 
lines are applied as 16 bits (2 bytes) in parallel to the inputs 
of the 100341s where they are loaded into the registers 
under contro! of a synchronization pulse (SYNC). The mode 
of the 100341s is then changed to shift right and the data is 
transmitted on the output lines at the clock rate. When the 
last bit has been shifted out, the register is loaded with the 
next data to be transmitted. 


ORIGINAL DATA 


100341 


MULTIPLEXED DATA 
=a 


! 
100250 t 
t 


/ 


Sel eA oe st 


oe 


om om. 
A, 


oe? me Owe: 


TRANSMISSION LINES 


es 
ne. 


Saat an Pas 


X. 


o' 


+ 


100250 


DE-MULTIPLEXED DATA 


TL/F/10645-1 


FIGURE 1. 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 
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The clock signal (CLOCK) is a free-running 300 MHz square 
wave and the synchronization signal (SYNC) goes low for 
one Clock cycis in every eight. These two signals a are tvans- 


mitted along with the data to facilitate synchronized recep- 
tion at the other end. 


At the receiving end, the 100341s are used as simple shift 
registers that accomplish the task of demultiplexing the 
data. The SYNC signal controls the loading of the 100351 
receiver registers. 


CLOCK AND SYNC GENERATION 


The CLOCK signal in this application is a 300 MHz square 
wave generated with a voltage controlled oscillator coupled 
with a phase-locked loop. However, any available clock sig- 
nal may be used at a frequency of DC to 300 MHz. 


The SYNC signal is generated with the use of another 
100341 connected as in Figure 2. This circuit is self starting, 
requiring no initialization for proper operation. When the 
SYNC signal is low, the data present at the parallel load 
inputs (PO-P7) are loaded into the register on the next clock 
pulse. When SYNC goes high (as a result of loading the 
high value on PO), the mode of the 100341 is changed to 
shift right and the low loaded from P7 is shifted across the 


CLOCK AND SYNC WAVEFORMS 





100341 and appears on the SYNC wire eight cycles later. 
This in turn causes the 100341 to load again and the cycle 


Th 
repeats. The SYNC signal is high for seven clock cycles and 


low for one cycle, allowing it to be used as the eynchroniza- 
tion pulse for the mux/demux circuit. 






100341 


TL/F/10645-2 


FIGURE 2. SYNC Pulse Generator 
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100336 Four-Stage 
Counter/Shift Register 


INTRODUCTION 


Many system designs require bi-directional counting and 
shifting functions. In most cases these functions are sepa- 
rate and unique requirements within the system design. For 
this reason, separate catalog parts are available. In some 
cases however, there is a requirement to have a device that 
will allow both counting and shifting functions. This is espe- 
cially true in arithmetic, timing, sequential, or communication 
applications. National offers a very versatile counter/shift 
register in the 100336. This application note describes its 
function in detail and offers some simple uses. 


DESCRIPTION 


The 100336 contains four synchronous, presettable flip- 
flops. Synchronous operation is provided by having all flip- 
flops clocked simultaneously so that all output changes co- 
incide. This mode of operation eliminates counting spikes 
on the outputs which are normally associated with asyn- 
chronous counters. The clock input is buffered and triggers 
the four flip-flops on the rising (positive-going) edge. 

The counters are fully programmable allowing the outputs to 
be set to either a HIGH (1) or LOW (0). As presetting is 
synchronous, setting low levels on the select inputs (Sg—So) 
(see Table I) disables the counter and causes the outputs to 
agree with the parallel inputs (P3-Po) on the next rising 
edge of the clock. Loading is accomplished regardless of 
the levels of the two enables (CEP, CET). 


TABLE I. Function Select Table 


Parallel Load 
Complement 
Shift Left 


Shift Right 
Count Down 
Clear 

Count Up 
Hold 


sezereee|e 
ceeesare|e 
cenesrsc|p 
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The 100336 features both synchronous and asynchronous 
clear functions. The synchronous clear is performed by set- 
ting a binary five (101B) at the select inputs. On the next 
rising edge of the clock, the outputs will be forced LOW 
(0000) regardless of the levels at the enable inputs. A buf- 
ferred asynchronous master reset (MR) is provided to clear 
all outputs LOW (0000) regardless of the levels of the clock, 
select, or enable inputs. 


Count up/count down functions are selected with the select 
inputs (So—So). These are synchronous operations and the 
outputs will increment/decrement in value on the rising 
edge of the clock. Both count enable inputs (CEP, CET) 
must be true (LOW) to count. The terminal count output 
(TC) becomes active-LOW when the count reaches zero in 
the DOWN mode or fifteen in the UP mode. Its duration is 
approximately equal to one period of the clock. The TC out- 
put is not recommended for use as a clock or synchronous 
reset for flip-flops. See Figure 7 for timing relationships in 
UP/DOWN counting. 

In simple ripple-carry cascading applications the terminal 
count TC is fed forward to enable the trickle enable (CET) 
input. This method is increasingly inefficient as the counting 
chain lengthens. The upper limit of the clock frequency is 
determined by the clock-to-terminal-count delay of the first 
stage, the cumulative trickle-enable (CET)-to-terminal-count 
delay of the intermediate stages, and the trickle-enabie-to- 
clock delay of the last stage. For faster counting rates a 
carry-lookahead scheme is necessary. In this scheme the 
ripple delay through the intermediate stages commences 
with the same clock that causes the first stage to change 
over from MAX to MIN in the UP mode, or from MIN to MAX 
in the DOWN mode. Since the final count cycle takes 16 
clocks to complete, there is ample time for the ripple to 
propagate through the intermediate stages. The critical tim- 
ing that limits the counting rate ‘is the clock-to-terminal- 
count of the first stage plus the parallel-enable-to-clock 
(CEP) setup time of the last stage. Figure 2 shows the con- 
nections for the fast-carry counting scheme. 
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TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 


p89- 


Illustrated below is the following sequence: 


1. Clear outputs to zero. 
2. Load (Preset) to binary thirteen. 


NV 


3. Count up to fourteen, fifteen, carry, zero, one, and two. 








4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 


5. Inhibit counting. 
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100336 


100336 
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FIGURE 2. Fast Carry Counting Scheme 


Shift right/left modes are performed by making the appro- 
priate selection on the selection inputs (So—So). Each rising 
edge of the clock will cause the outputs to shift once in the 
direction which is selected. For shift-left operation, input D3 
is used as the serial input. For shift-right operation, input 
CET/Dg is used as the serial input. During shift operation 
the terminal count output reflects the level at the Q3 output 
and the enables are ‘“‘don’t cares”. See Figure 3 for shift 
operation timing relationships and shift sequences. 


The 100336 provides two special modes of operation. The 
complement mode performs a one’s complement of the out- 
puts (Q3-Qo) on the rising edge of the clock input regard- 
less of the levels at the enable inputs. The hold feature is 
asynchronous and simply stops counting or shifting opera- 
tions. Both complement and hold are performed with proper 
selection of the select inputs. For a complete truth table of 
the 100336 operation, refer to Table II. 


DESIGN CONSIDERTIONS 


Presetting the parallel inputs (P3—-Po) may require a mixture 
of HIGH’s and LOW’s. A LOW may be preset by leaving the 
respective input open as the 100336 has a 50 kO resistor to 


Vee on the parallel inputs. A HIGH must never be made by 
tying the input to Vcc/Vcca. This saturates the input tran- 
sistor. Instead the input is set at a diode drop below Vcoc/ 
Voca for a preset HIGH. See Applications Note 682. 
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Unused output pairs (Q,/Q,) may be left unterminated. 
However, unused single outputs should be terminated to 
balance current switching in the outputs. For further details 
on system design considerations refer to the F/00K ECL 
Design Guide. For AC/DC performance specifications and 
critical timing parameters refer to the 100336 datasheet. 


APPLICATIONS 


Figures 4 and 5 demonstrate the use of the 100336 as UP/ 
DOWN BCD counters. One additional gate is required to 
detect the limit count. Notice the alternate gate methods in 
Figure 4. The 100304 shows the classical AND/NAND de- 
sign similar to TTL and the 100302 shows the OR/NOR 
design of ECL. 


Figure 6 incorporates the use of a 100331 triple D-type flip- 
flop. By using one stage of the 100331, a 50/50 duty cycle 
can be realized from the divider. 

An 8-bit parallel-to-serial shifter can be constructed by cas- 
cading two 100336’s as shown in Figure 7. The third coun- 
ter reloads another 8-bit data word after eight serial counts. 
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TYPICAL, CLEAR, LOAD, AND COUNT SEQUENCES 
Ittustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary twelve. 

3. Shift-left using D3 as serial input. 

4. Shift-right using CET/Dpo as serial input. 


CLOCK PLIELILILI LI LILI LSILITLIN 
cP 
ASYNCHRONOUS a (aE 
CLEAR yp 


1 i] 
1 1 
FUNCTION ! ' | 
SELECT { St 


































INPUTS 
' ' 
Spee fp 2 ee Oe eee 
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Note 1: In shift-right mode TC follows the Q3 output. 
Note 2: In shift-left mode TC follows the D3 input. 
Note 3: CEP is a “don’t care” during shifting. 
FIGURE 3. 100336 Used as Bi-Directional Shift Register 
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Truth Table 
Qo = LSB 
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TABLE IJ. Truth Table 


Inputs 
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r 
= 
x 


Invert 
Shift Left 
Shift Right 


Count Down 


rc 


a 


eelelely 


Count Down with CEP not active 
Count Down with CET not active 
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H if Qg-Qg # LLLL After the clock, TC is Qo 
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TL/F/10646-4 
FIGURE 4. BCD Up Counter (0-9) 
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FIGURE 5. BCD Down Counter (9-0) 
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SYMMETRICAL 
Four =Fin +5 
TL/F/10646-6 


CLEAR 


FIGURE 6. Divide by Five 
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D7 D6 DS D4 D3 D2 D1 DO 
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Q3 Q2 Q1 QO 
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CEP P3 P2 PI 
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Qo Qi Q2 Q3 
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TL/F/10646~7 
FIGURE 7. 8-Bit Shift Left 
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ECL Backplane Desian 


INTRODUCTION 


Designers are constantly trying to improve the performance 
of their systems. In many applications, this can be accom- 
plished by increasing the speed of the system backplane. 
As system bandwidth requirements exceed 50 MHz, ECL is 
the logic of choice over TTL. ECL devices are designed for 
transmission line applications which means that ringing, re- 
flections, and noise are minimized. These problems are not 
easily handled with TTL devices. ECL devices are the fast- 
est in common use today and have increased steadily in 
popularity over the past 10 years with the additional speed 
requirements of many systems. With this popularity have 
come improvements such as increased reliability, power re- 
duction, and better ESD protection. 


ECL devices today offer the flexibility of single-ended or dif- 
ferential backplanes. National Semiconductor has respond- 
ed to the increasing need for ECL backplanes by introduc- 
ing octal registers, latches and translators. The registers 
and latches offer the flexibility to drive a 252 (with cutoff) or 
502 load impedance. The 250 drivers are intended to drive 
a 502 transmission line which is doubly terminated in its 
characteristic impedance, or a single low impedance 250 
line. Considerations such as transmission line media (mi- 
crostrip, stripline, coaxial, twisted pair, etc.) terminations, 
connectors, power planes and loading effects must all be 
understood to design the optimum system. 








National Semiconductor 
Application Note 768 
Doug Bush 

Applications Engineer 


ECL/TTL PERFORMANCE PARAMETERS 


There are several advantages associated with using ECL. 
ECL is a non-saturating logic, as opposed to TTL, which 
results in much faster switching speeds for drivers tied to 
the backplane. The ECL circuit contains a differential ampli- 
fier with its outputs being a function of the difference be- 
tween two input voltages; where one is a reference voltage 
(Vgp) and the other (Vj) is a logic HIGH or LOW (see Fig- 
ure 1). The differential inputs determine which path the con- 
stant current (Is) will flow. An internal reference circuit es- 
tablishes a stable Vgg voltage of —1.32V. When a LOW 
level (—1.730V typical) signal is applied to Vij, Q1 “cuts 
off’. Transistor Q2 is turned on with collector current 
through the Q2 branch being supplied by the current source 
(Is). This sets up a LOW level on A and a HIGH level on the 
compliment output as long as the output is properly termi- 
nated. 


A HIGH level (—0.970V typical) applied to Vij will then turn 
on Q1 and “‘cutoff” Q2. This will set up a HIGH voltage level 
on A and a LOW level on its compliment. Since the current 
is nearly constant at all times, even during switching, current 
spikes are minimized on the power supply. This is an impor- 
tant feature of ECL (unlike TTL) because the power require- 
ment is unaffected by frequency. ECL becomes more favor- 
able at frequencies above 50 MHz with a 50% duty cycle. 
The outputs of ECL devices require typically an external ter- 
mination resistor and termination voltage (V77) to develop 
the proper output voltage levels. 


(CURRENT SOURCE) 
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FIGURE 1. ECL Gate 
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ECL outputs are perfectly suited to drive transmission lines. 
With an output impedance of 6/N to 82M and rise times less 
than 1 ns, reflections are minimized resulting in a clean sig- 
nal. 


A comparison of the approximate input and output capaci- 
tance values for non-I/O IC’s shows that TTL devices gen- 
erally run higher than ECL devices. These parameters are 
important because they in part determine the amount of 
loading that will be present on the backplane. With reduced 
loading on the backplane comes increased speed. 


ee 


Input Capacitance 3.0 pF 5.0 pF 
Output Capacitance 3.0 pF 5.0 pF 


ECL also has the ability to drive low impedance transmis- 
sion lines (i.e., 25). As the transmission line impedance 
decreases, the speed of the transmitted signal increases. 
The lower impedance also reduces the effects of noise. The 
National Semiconductor F100K 300 Series octal devices 
were specifically designed for this type of application. 


ECL TERMINAL SCHEMES 





Parallel Termination 


Termination of ECL outputs can be accomplished in several 
different ways. The most common way is to terminate the 
emitter follower output in the transmission line characteristic 
impedance (Zo) to a Vt7 voltage of —2.0V as shown in 
Figure 1. This method is used with Zo = 502) to set specifi- 
cations for most of the F100K 300 Series devices. 


Thevenin Termination 


The Thevenin equivalent termination method (shown in Fig- 
ure 2) requires one resistor be connected between the end 


DRIVER 


Rt = 1.80 (Zp) 
R2 = 2.25 (Zq) 


FIGURE 2. Thevenin Termination 
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of the line to be terminated and the Vcc rail, with another 
placed between the end of the line and the Veg supply. This 
method will of course eliminate the need for a —2.0V Vy7 
supply, but the penalty is that the power dissipated will in- 
crease nearly eight times from the previous method. Several 
designers avoid this method for exactly that reason. 


Series Termination 


An alternate way to terminate the output is by a series termi- 
nation scheme. With this arrangement, a resistor pair is 
placed directly at the output of the driver (shown in Figure 
3). The series damping resistor (RS) should be chosen 
such that; 
Zo = RS + Rout 
characteristic impedance of the trans- 
mission line 

Rout = output resistance of the gate 

RS = series damping resistor 
The value of Rout for the F100K 300 Series devices is 69 
when the output is conditioned to a HIGH level, and 82 
when conditioned to a LOW level. An average value of 72 is 
used when calculating the value of RS. The RE resistor in 
this termination scheme is used to discharge the line when 
the driven output goes into a low condition. To ensure that 
the proper amount of current needed is available, RE is cho- 
sen by the formula: 

RE < Zo [(Von — Vee)/0.49] — RS — Zo 

The table (shown in Figure 3) gives the resistor values of 
RS and RE max for Veg = —4.5V) needed for several dif- 
ferent characteristic impedance transmission lines. 


where: Zo 


RECEIVER 


Vee 
(-4.5V) 


TL/F/10910-2 
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DRIVER 









RECEIVER 
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FIGURE 3. Series Termination Scheme 


The advantages of the series termination method is that an 
additional V7 supply is not required (unlike parallel termina- 
tion), and all reflections back to the driver are absorbed by 
the series resistor (RS). This makes series termination ideal 
for situations in which ringing and overshoots are present on 
the transmission line. A voltage divider action occurs at the 
beginning of the transmission line (marked A in Figure 3) 
which means that only half the amplitude of the driver out- 
put will be present along the line until the signal reaches the 
end of the transmission line. For this reason, loads should 
not be distributed along the line. For parallel and thevenin 
terminations, the full amplitude is seen on the line at all 
times. 


Although there are other termination schemes available, the 
ones discussed above are the easiest, cost effective and 
most popular. 


BOARD DESIGN CONSIDERATIONS 


As with any good design, transmission line media, power/ 
ground distribution, connectors, board layout, decoupling, 
and thermal effects must all be considered. 


When designing a backplane with F100K 300 Series ECL 
logic, a controlled impedance transmission line is recom- 
mended. If the transmission line characteristic impedance is 
not matched along the line, reflections will occur. Available 
transmission line media include microstrip, stripline, coax, 
ribbon cable, and twisted pair to name a few. The most 
popular transmission line media for ECL is microstrip and 
stripline. Stripline is embedded within the layers of the PC 
board between two ground layers, while microstrip is run on 
the top and/or bottom layers of the board. Microstrip and 





stripline enable the designer to have very accurate and con- 
trolled impedances. This becomes important when deter- 
mining delays and terminations within a designed system. It 
is important to remember that all transmission line types 
mentioned have a distinct propagation delay/unit length as- 
sociated with them. As an example, microstrip lines on 
G10/FR4 boards have a propagation delay of approximate- 
ly 1.77 ns/ft. 


In order to transfer ECL signals from one board to another, 
a connector is needed. In most cases, the connector will 
cause impedance discontinuities. In order to keep reflec- 
tions and signal distortions at a minimum, the discontinuity 
should be as small as possible. Although impedance 
matched connectors are expensive, the distortions that re- 
sult are nearly negligible. Connectors also have a capaci- 
tance associated with them on the order of 1 pF-3 pF. This 
capacitance will of course have a direct effect on the back- 
plane loading. When using edge connectors to interface 
data from a motherboard and a daughter card, several pins 
(> 10%) should be dedicated to power and ground in order 
to maintain signal and power fidelity from one board to an- 
other. An example of this is shown in Figure 4. 


When using a PC board with ECL and TTL logic together, 
the most noise will generally be found at the TTL ground. 
Since ECL logic levels are referenced directly from the Vcc 
line, it is critical to have a dedicated ECL Vcc plane that is 
stable and noise free. For this reason, the TTL ground and 
ECL Vcc planes are placed as far from each other as possi- 
ble. Variations on Vr7 and Veg are more tolerable. Figure 5 
shows a typical layout for an eight layer TTL/ECL PC board. 
Signals are run on both sides of the board for ease of con- 
necting signals. 








SIGNAL 


> 
w 
+ 
4 
= 
e 


TTL GND 
TTL +5V 


SIGNAL 
TTL GND 
TTL +5V 
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FIGURE 4. PC Board Pin Distribution 














FIGURE 5. PC Board Power Planes 


Inductance is always present in any conductor. As the rate 
of change in current through an inductor increases, the 
greater the induced voltage will be since V = L(dl/dt). With 
digital systems changing logic levels, a change in current 
will inevitably occur and produce unwanted voltage drops. 
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Oscillations are also connected with additional inductance 
present in digital circuits. This implies that inductance in 
board design should be kept at a minimum. 


Inductance is very dependant on geometry, with solid sheet 
conductors being the best for keeping inductance at the 
lowest possible level. This is the reason why planes (as in 
Figure 5) instead of grids, combs, or traces are used for 
power and ground. It is best to mount IC’s directly over 
ground planes and connect the device ground pins to it 
whenever possible. It is also recommended that decoupling 
capacitors of 0.01 uF to 0.01 uF be placed between Vee 
and Vcc, and between Vrz and Vcc. 


The power required for different IC’s will vary, meaning that 
the heat dissipated by each will change. In order to maintain 
gate junction temperatures, cooling devices may be neces- 
sary. AS an example, planes can be used as thermal mass 
resulting in an effective heat sink. Cooling is important be- 
cause if junction temperatures exceed manufacturer specifi- 
cations, circuits can fail, degrade, or function incorrectly. 
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SYSTEM DESIGN CONSIDERATIONS 


Wired-OR Configuration 


F100K 300 Series devices have an emitter follower configu- 
ration on each output. The open emitter outputs of several 
devices can be tied together to create a Wired-OR configu- 
ration. An example of this is shown in Figure 6. This configu- 
ration has the advantage of obtaining the OR operation 
without using an external gate, thus reducing the package 
count of the design. The Wired-OR also saves on power by 
reducing the number of terminations needed (one termina- 
tion for each Wired-OR grouping), and increases the speed 
of the system by removing the additional propagation delay 
that would have been inherent with an additional OR gate. 
Since ringing and undershoots are functions of the trans- 
mission line intrinsic capacitance and inductance, it is im- 
portant to minimize these by using the shortest trace 
lengths possible. 








FIGURE 6. Wired-OR Configuration 
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Although the Wired-OR allows for additional levels of logic, 
there is a penalty. This penalty is a reduction in the LOW 
lovel noise margin. As the number of outnuts tied together 
increases, the Vo, level rises significantly. With a single out- 
put in the LOW state of approximately —1.70V driving a 
502 impedance terminated in —2.0V, a typical Io, current 
of 6.0 mA flows. In the Wired-OR state with four outputs tied 
together (all in the LOW state), the Io_ current supplied by 
each output is nearly equal. The decreased current being 
supplied by each output transistor due to current sharing 
results in a reduction of the Vpe junction voltage which in 
turn raises the Vo, level. As a rule of thumb, the Vo, level 
will be raised approximately 25 mV for every two outputs 
that are tied together on a bus. It should also be mentioned 
that the Vox levels will rise as the number of outputs tied 
together increases and thus the high level! noise margin in- 
creases. This effect is usually ignored since Voy is moving 
away from the threshold. 


A, +A, +E 


(A, + Ap + E) + (B, + B, + E) + (C, + C, + E) 


(+8, +6) + (+c, +E) 


TL/F/10910-5 





Cutoff Drivers 


The Vo, noise margin degradation found in Wired-OR net- 
works can be avoided by using Nationals octal cutoff driver 
devices. When the output enable (see Figure 7) of the cut- 
off driver is brought to a HIGH level, the base of the output 
transistor is biased to a level of —1.5V to —1.6V which in 
turn “‘cuts it off”. This implies that a cutoff output will not 
source any current. With this, the HIGH and LOW level 
noise margins will not change from the non Wired-OR situa- 
tion. With the output in the cutoff state, an output capaci- 
tance of 3 pF is present on the backplane. 


Loading Effects 


As the number of devices tied to the backplane increases, 
distributed loading effects due to gate input and output ca- 
pacitance need to be considered. The additional capaci- 
tance on the backplane reduces the effective characteristic 
impedance of the transmission line. This change indicates 
that in order to avoid reflections and terminate the line prop- 
erly, a new terminating resistor needs to be calculated. The 
characteristic impedance for a lossless transmission line is 
calculated by: 


Zo = v(Lo/Co) 
Where: Lo = intrinsic inductance/unit length 
Co = intrinsic capacitance/unit length 
Cp = distributed capacitance 


With the effects of distributed loading on the transmission 
line, the effective characteristic impedance becomes: 

2'0 = v(Lo/(Co + Cp) = Zo + V1 + Cp/Co) 
As an example, consider the distributed loading scheme 
shown in Figure 8. A 502 microstrip line, 10 inches long, on 
glass epoxy board (Er = 5.0), is used as the transmission 
line with five equally spaced distributed loads. 


Co = tpp/Zo = 0.148 ns/inch + 502 = 2.96 pF/inch 
With an input impedance of approximately 3.0 pF/gate (for 
PLCC devices); 

Cp = Zo + V1 + Cp/Co) = 5 (3.0 pF)/10 inches 

= 1.5 pF/inch 
This gives an effective transmission line impedance of 
Z2'9=2Z0 = V(CotFCp) = 50 + V(1+(1.5/2.96)) = 40.72 
This implies that in order to terminate the transmission line 
properly, a terminating resistor (RT) of 402 is required. 


Voz = -2.0V 


__ (WHEN Vz_ = -2.0V) 
OEN = HIGH LEVEL 
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FIGURE 7. ECL Cutoff Driver 


Vat 


-_} 


L = 10 INCHES (2 INCH SPACINGS) 


tpp (MICROSTRIP GLASS EPOXY) = 1.77ns/ft = 0.148ns/inch 
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FIGURE 8. Distributed Loading Example 
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APPLICATION EXAMPLES 


In order to transfer data efficiently on an ECL backplane, 
ECL drivers receivers, translators, and transceivers are re- 
quired. Single ended ECL backplane devices include the 
following: 


100328 Octal ECL/TTL Bidirectional Translator with 
Latch 

100329 Octal ECL/TTL Bidirectional Translator with 
Register 

100343 Octal Latch (502 drive) 

100344 Octal Latch with Cutoff Drivers (259 drive) 

100352 Octal Buffer with Cutoff Drivers (259 drive) 

100353 Octal Register (502 drive) 

100354 Octal Register with Cutoff Drivers (252 drive) 


Differential ECL backplane devices include the following: 


100314 Quint Differential Line Receiver 

100316 Quad Low Skew Differential Cutoff Driver 
(252, drive) 

100319 Hex Single-Ended Input, Differential Output 
Cutoff Driver (259 drive) 

100324 Hex TTL-to-ECL Translator 

100325 Hex ECL-to-TTL Translator 

100397 Quad Differential ECL/TTL Bidirectional 
Translator/Driver with Cutoff (250 drive) 

100398 Quad Differential ECL/TTL Bidirectional 


Translator/Driver with Cutoff (259 drive), with 
TTL Control 


REGISTER 








EDGE CONNECTOR (2 pF) 
BUFFER 





Length of stubs from 
device to edge connector 
are less than 1 inch 











Single-Ended ECL Backplane 


A single-ended ECL backplane implies that signals are 
transmitted as a voltage on a singie iine referenced to AC 
ground. In the example shown in Figure 9, several listeners 
and talkers are tied to the common backplane. The 500 
transmission line is terminated at both ends of the line in its 
characteristic impedance of 502. This, in effect, requires a 
250 driver. This need is satisfied with National Semiconduc- 
tors 100344 octal latch with 252 cutoff drive, 100352 octal 
buffer with 250 cutoff drive, and the 100354 octal register 
with 2502 cutoff drive. When designing such a system, the 
effects of connectors, transmission line delay, and load ca- 
pacitance should all be considered as discussed previously. 


Differential ECL Backplane 


A single-ended backplane is susceptible to ground potential 
differences at the ends of the line thus creating distorted 
signals being transmitted or received. For this reason, a sin- 
gle-ended backplane is not recommended for noisy environ- 
ments. Differential line driving (as shown in Figure 10) has a 
high noise rejection which results in a more reliable data 
transmission. Common mode voltages of < —2.0V are re- 
jected with an input voltage differential of 150 mV required 
for full output swing. (Please refer to Voy specification for 
the 100314 in the F100K ECL Databook.) 





Length of stubs from 
device to edge connector 
are less than 1 inch 







EDGE CONNECTOR (2 pF) 
REGISTER 














Gn 


= Coy; = 3 pF 
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FIGURE 9. Single-Ended ECL Backplane 


The differential line driver and receivers communicate over 
a pair of wires where one is a HIGH voltage level and the 
other must be a LOW. If external noise occurs near the 
differential line, both wires will obtain the same distortions. 
Since the noise present on both of the lines is the same, the 
signal received at the terminated end of the line will not be 
effected because it is obtained by the difference of the sig- 
nals on the lines. The difference of two lines will be the 
same with or without the noise problem. 


The advantage of a differential line driving scheme is the 
clean transmission of signals in noisy or industrial environ- 
ments. As the differential line driving application in Figure 10 
shows, in order to isolate unused outputs from the line 250 
cutoff drivers are required. With the introduction of National 
Semiconductors 100316 quad differential 252 cutoff driver, 
100319 hex single-ended input, differential output 252 cut- 
off driver, and 100397/100398 ECL/TTL quad bidirectional 
translators/drivers with latch and ECL 252 cutoff drive, this 


100397 


100398 


ECL 
DATA OUT 


type of application is now possible. The 100397 has ECL 
control pins while the 100398 offers TTL control pins. 


ECL Transceiver 


Although an ECL transceiver does not currently exist, creat- 
ing one is rather simple when using 252. cutoff driver devic- 
es as shown in Figure 77. This device could be used to 
communicate between a single-ended or differential ECL 
bus and other circuitry. The circuit shown uses two 100352 
devices configured to give a transceiver operation. The 
function table for the operation of the transceiver is shown 
in Figure 11. \n order to transmit data from A to B, OENp is 
HIGH while OEN, is LOW. The HIGH level on OENpd “cuts 
off’? the bottom driver and allows for data transfer from A to 
B. To transfer data from B to A, OEN, is held HIGH with 
OENp at a LOW level. When both output enable pins are at 
a HIGH level, both 100352 devices are in the cutoff state 
which results in a lower than low Voiz state (Vo_z = 
—2.0V) at points A and B. 


TTL 
OEN DATA OUT 


100325 


ECL ECL 
DATA IN DATA OUT 
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FIGURE 10. Differential ECL Backplane (1-Bit) 
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Truth Table 


A, B HIGH 

Bus A Data to Bus B 
Bus B Data to Bus A 
A, B, Cutoff (Voz) 


FIGURE 11. ECL Transceiver 
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Operating ECL froma 
Single Positive Supply 


INTRODUCTION 


ECL is normally specified for operation with a negative Veg 
power source and a negative V77 termination supply. This is 
the optimum operating configuration for ECL but not the 
only one. Operating ECL from a positive Vcc supply is a 
practical alternative that is gaining in popularity. Positive ref- 
erenced ECL, or PECL as it is referred to, has been imple- 
mented in various mixed signal ASIC for use in the Video 
Graphics and Communications fields and is used in clock 
distribution as well. New single supply translator chips are 
becoming available to facilitate the interface of PECL logic 
levels to TTL and back again. Logic designers who strive for 
maximum speed in a system, now can easily replace sec- 
tions of TTL logic with ECL and operate in PECL fashion 
from the common TTL Vcc supply. 


STANDARD NEGATIVE SUPPLY 
ECL OPERATION AND WHY 


Figure 1 shows F100K logic elements operating in standard 
negative supply ECL configuration. The most positive poten- 
tial is the primary voltage reference for ECL operation. Stan- 
dard ECL input and output levels are therefore negative po- 
tentials referenced to the stable passive Ground (OV). The 
inherent F100K voltage compensation permits stable input 
and output levels over a broad range of Veg’s; i.e., —4.2 to 
—5.7 VDC for 300 Series F100K. Thus ECL logic operating 
from a —4.2V Veg is compatible to logic operating from a 
—5.7V supply assuming both are referenced to a common 
OV Ground. 


Since ECL logic outputs only source currents that originate 
from the potential applied to its Vcc/Vcca pins, the use of a 
OV low impedance and low inductance ground potential is 
the optimum choice for operation. The use of a continuous 








National Semiconductor 
Application Note 780 

John Davis 44 
copper ground plane as the primary ECL reference is the 
ideal source for the high frequency transient currents de- 
manded by the logic during switching. Note that despite the 
ideal nature of a ground plane as the primary ECL refer- 
ence, when mixing TTL (or other noisy circuitry) into ECL 
systems, the recommendation is to reference the TTL toa 
separate ground plane. This is to keep the high transient 


TTL switching energy out of the primary ECL reference and 
preserve ECL noise margins. 


When F100K ECL output signal interconnection lengths are 
direct and short enough, transmission line effects may be 
ignored and then only a RE output biasing resistor is re- 
quired for logic operation. Please refer to section seven of 
the “F100K ECL Logic Databook and Design Guide” for a 
more detailed explanation of transmission line effects and 
ECL termination techniques. The RE resistor provides bias 
to keep the ECL emitter follower output transistor on for 
both high and low logic states. The RE resistor is normally 
connected between the ECL output and the most negative 
potential (Veg) thus permitting ‘‘single” supply operation. 
The Vee potential will ideally be distributed to the ECL logic 
from a power plane or bus which has low DC series resist- 
ance and low AC impedance. The low AC impedance is 
essential to supply the transient energy needed during 
switching. Although the inherent nature of ECL by design is 
to maintain essentially constant IEE current even during 
switching, the charging and discharging of internal and ex- 
ternal capacitances and the switching currents in the RE 
resistors place transient demands on Veg. The degree to 
which the user can maintain complementary balance of ECL 
output loading will greatly influence the nature of the tran- 
sient lee demands. 


F100K 300 Series Voltage Levels 
Specified for Standard Negative 
Vee Supply Operation 


ZERO VOLT 
GROUND PLANE 





Tat ap Cane Conditions: Vec/Voeca = 0.0 VDC Ground 


Vee = —4.2 to —5.7 VDC 
RT = 509; Vzq = -2.0 VDC 
All Levels W.R.T, Ground 


-4.5V Vep PLANE 
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FIGURE 1. ECL Standard Operation from a Negative Vege Supply 
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The usual recommendation for the Veg plane is to bypass 
every ECL device at its Veg pin with a good RF quality ce- 
ramic capacitor. The point at which the RE resistors return 
to the Veg plane should also be bypassed particularly if it is 
a single return from a multiple resistor R-PAK. Values from 
0.01 F to 0.10 uF of the “High K Class II Dielectric” ce- 
ramic Z5U grade capacitor are recommended for commer- 
cial applications. The lower series inductance inherent in 
the leadless chip style capacitor is preferred over leaded 
types for highest frequency performance. The ‘‘Mid K Class 
|| Dielectric’ ceramic X7R grade capacitor offers acceptable 
bypass operating characteristics over the broader tempera- 
ture range of —55°C to + 125°C. 


Bulk bypassing of the Veg plane with a 1 uF to 10 pF is 
recommended at the point where the Veg supply connects 
to the plane. Aluminum or Tantalum Electrolytic capacitors 
are usually used for bulk bypassing. Miniaturized surface 
mount Electrolytic capacitors are available for use in high 
density component applications. 


In typical ECL system designs, some inter-connection 
lengths will exceed the critical values and force the consid- 
eration of transmission line effects. The most common high 
performance and power efficient termination scheme re- 
quires the use of a negative 2.0V V7_ termination supply. A 
single RT resistor in conjunction with the V+7 supply will 
terminate each output’s transmission line in its characteris- 
tic impedance and will also provide optimum bias to the ECL 
output transistor. 


The Vrrz potential will ideally be distributed to the RT termi- 
nators from a power plane which has low DC series resist- 


ance and low AC impedance. The low AC impedance is 
essential to supply the transient energy in the termination 
resistors during switching. Bypassing V7 wherever RT re- 
sistors return to the V77 plane is essential to maintaining the 
low AC impedance of the plane. Capacitor recommenda- 
tions for bypassing V7 are the same as for Veg above. 


The regulation of the V7 supply is not critical. A variation of 
+5% from nominal causes typically only +12 mV variation 
in output levels for 50M terminations or +7 mV variation for 
1002 terminations. Note that in standard ECL configuration, 
the Vr7 supply need only sink current into its negative termi- 
nal (single ended Vry7 operation with positive terminal 
grounded). Vt here will typically be a simple series regulat- 
ed supply. If the need for single negative supply operation is 
paramount, a less power efficient Thevenin termination 
scheme can be used between the Voc/Vcca and Vege 
planes and selective use of series damping in conjunction 
with RE resistors may also be implemented. 


THE PECL TRANSFORMATION 


Transforming ECL from negative supply to positive supply 
operations is conceptually quite easy. Just offset all stan- 
dard ECL operating potentials by a positive amount equal to 
an absolute value within the normal Veg operating range. 
For F100K 300 Series the normal Veg range is —4.5 to 
—5.7 VDC. A 5V offset fits nicely within the range and hap- 
pens to match the nominal potential for TTL systems. Thus 
Vee becomes the OV ground with Voc/Vcca offset to +5V 
and Vrry (if required) offset to +3 VDC. Figure 2 illustrates 
the transformation (from Figure 7). 


+3.0V Vi_ PLANE 


ZERO VOLT 
GROUND PLANE 


TL/F/10919-2 


F100K 300 Series Voltage Levels Specified for 
Positive Vcc Supply [PECL] Operation 


Voc — 1.025] Voc — 0.955] Voc — 0.87 


Veco — 1.165 


Voc — 0.87 


Voc — 1.320 


Voc — 1.83 


Voc — 1.475 


Voc — 1.83 | Voc — 1.705] Voc — 1.62 


Conditions: Voc/Vcca = 4.2 to 5.7 VDC 


Vee = 0.0V to Ground 


RT = 509; Vtt = Voc — 2.0 VDC 
All Levels W.R.T. Ground 


FIGURE 2. ECL Operation from a Positive Voc Supply [PECL] 
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CONSIDERATIONS FOR PECL OPERATION 

All the considerations previously discussed for standard on- 
eration still apply; i.e., solid isolated and well bypassed ref- 
erence planes, etc. Some additional considerations apply 
for PECL operation. 


PECL input and output levels are referenced to the active 
positive Vcc rail that is variable and subject to line and load 
regulation. PECL level compatibility between sub-systems 
or systems can be difficult if precise Voc distribution and 
accuracy are not maintained throughout. Differential PECL 
signal transmission and reception between systems may be 
necessary to ease the Vcc accuracy burden. 


This active positive Vcc potential is the primary reference 
for PECL levels and the source of PECL switching currents. 
The distribution of Vcc to PECL logic is just as important as 
is the ground distribution to the standard ECL configuration. 
Vcc should be delivered from a continuous copper plane 
with liberal use of high frequency decoupling capacitors at 
each PECL device’s Voc/Vcca pins. 


If TTL or other noisy circuitry is to share the Vcc, a separate 
powerplane should be provided. TTL switching transients 
should be isolated from the PECL Vcc plane to preserve 
PECL noise immunity. Again, differential PECL operation 
may be warranted for situations where noise control is limit- 
ed and good common mode noise rejection is required. 


The various requirements for output termination and bias 
previously discussed for standard ECL applies directly to 
PECL operation. Note that the nominal +3V Vy7 supply in 
PECL mode is required to sink current into its positive termi- 
nal (single ended Vy7 operation with negative terminal 
grounded) from the emitter follower outputs throught the RT 
resistors. A current sinking V+7 supply will be necessary if 
operated single ended to ground. The V77 supply should 
track the Vcc supply keeping a nominal 2V offset to assure 
optimum biasing of the outputs. 


The Vee for PECL operation is OV or ground potential and 
should be distributed from a continuous copper plane in 
consideration of handling the transients switching currents 
from the RE bias resistors. Although the PECL Veg plane 
will be somewhat tolerant of TTL noise, the recommenda- 
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tion is to isolate TTL transient switching energy in a sepa- 
rate TTL ground plane. 


POWERPLANES 


The dedication and organization of powerplanes is essential 
to successful ECL system design. 


Figure 3 illustrates an optimum powerplane implementation 
for Standard ECL operation on a printed circuit mother 
board in conjunction with TTL circuitry. Figure 4 shows an 
optimum powerplane configuration for PECL operation. 
Note that the dedication and positioning of separate ECL 
and TTL powerplanes is intended to preserve ECL noise 
immunity when operating in a mixed signal environment. 


| CopperPianet | Signal 
| 2 | TovGround 
a ee 
a ee 
ee er 
pt | Signa 


FIGURE 3. Powerplane Layup for 
Standard ECL Operation 


| CopperPiane1 | Signal 





ECL OV Vee/Ground 
ECL + 5VVcc 


FIGURE 4. Powerplane Layup for Positive 
Referenced ECL 





P| CL OV 


The optimum multiple powerplane approach may not be fea- 
sible for some designs. Logic and powerplane partitioning 
(islands) can be used to control noise when ECL and TTL 
must share the same powerplane. Figure &S illustrates the 
basic concept where areas of a system board are organized 
by logic type and share the same horizontal powerplane. 
Low pass filters are usually used to help isolate high fre- 
quency signals in sections of the shared plane. 


PECL TO TTL 
CTE aN cushion 


“Lt 


POWER SUPPLY SEQUENCING CONSIDERATIONS 


In logic systems where multiple independent power supplies 
are used, or where two independently powered systems are 
connected logically, some consideration must be given to 
supply sequencing. This is particularly true for ECL/PECL 
logic due to placement of ESD (Electrostatic Discharge) 
protection diodes on the inputs and outputs. Figure 6 shows 
the typical ESD diode placement in a F100K 300 Series 
device. Figures 7a and 7b illustrate independently powered 
ECL driver and receiver operating with an independent 
ground referenced Vr7 termination supply. 


TTL TO PECL 
TANS ATOR EES 


+5V PECL Vog PLANE 


C1 F1 = FERRITE BEAD 
| C1 = PARALLEL COMBO 10//0.1 pF 


TL/F/10919-5 


FIGURE 5. Powerplane and Logic Partitioning 


300 SERIES 
CIRCUIT 


300 
SERIES 
OUTPUT 


V 
= TL/F/10919-6 


FIGURE 6. F100K 300 Series ESD Diode Circuit Placement 
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When the devices (Figure 7a) are operated in Standard ECL 
fashion, Vee, may be off while Vego and V7 remain on 


aaslthy + H € A Wi 7 
without causing a forward bias potential on any of the ESD 


diodes. Note that both the true and complement outputs of 
the ECL1 driver will source logic one current simultaneously 
to the Vt7 supply when Veg; is off while Vt7 remains on. 
Emitter follower transistors of ECL1 are biased on to a logic 
high level by the V77/RT even in absence of Veg;. The 
potential for Vr7 current overload exists under these cir- 
cumstances. 


When Vega is powered off and V7 remains on, the low rail 
input ESD diode of ECL2 (connected to Vege) will forward 
bias and conduct heavily as Vr tries to re-power the Veco 
rail. The diode conduction will be limited by the RT resistor 
and the impedance of the off Vee2 supply in parallel with the 
ECL2 logic impedance. Although the ESD diode current 
density rating will typically support this current overstress, 
the recommendation is to avoid this by insuring that Veco 
and Vrr are ramped together and that Vege is never more 
positive than Vr7 by 0.5V. 


When the devices (Figure 7b) are operated in PECL fashion, 
there is a very clear forward bias hazard to ESD diodes 
when supplies are sequenced. If Voce is dropped before 
Vcc, the positive referenced emitter followers of ECL1 will 
attempt to re-power up ECL2 through its high rail input ESD 
diode (connected to Voc). The ECL emitter follower outputs 
are low impedance voltage sources (62 typical) and can 
source an incredible amount of current (greater than 
200 mA each output). Thus Vcc2 must never be more nega- 
tive than Vcc by 1.0V to avoid current overstress. 


When Vcc is powered off and Vy7 and Vege remain on, 
the output ESD diode of ECL1 (connected to Vcc) will for- 











ward bias and conduct heavily as V7 tries to re-power the 
Vcci rail. The diode conduction will be current limited by the 
RT resistor and the impedance of the off Voc. supply in 
parallel with the ECL1 impedance. Although the ESD diode 
current density rating will typically support this current over- 
stress, the recommendation is to avoid this by insuring that 


Vtr is never more positive than Voc by 0.5V. 


If Vcc, and Voce are dropped while V77 remains on, then 
Vtrz tries to re-power both Vcc rails through the output ESD 
diode of ECL1 and the high rail input ESD diode of ECL2. 
The forward bias current is limited by the RT resistor and 
the Voc1/Vcce supply impedance in parallel with the collec- 
tive logic impedance. This diode overstress is undesirable 
and should be avoided by insuring that V7 is never more 
positive than Vcc; or Voce by more than 0.5V. 


If Vt is dropped before Vcoci, then increased load current 
can flow through the RT resistor from the emitter follower 
output of ECL1. Therefore V77 ramping should be timed 
with Voc and Voce. 


From the previous discussion, the most critical concern is 
that no PECL receiver should be powered down if driven 
directly by a powered up PECL driver without some form of 
current limiting. The inputs to the receiver must be current 
limited with external resistors of 1002 or greater to be able 
to survive the overstress caused if Vcc is ever permitted to 
be more positive than Voce by more than 1.0V. Although 
the use of current limiting resistors will alter the effective 
input edge rates and device propagation delays slightly, 
careful selection and placement of resistors will minimize 
device performance degradation. Use of surface mounted 
chip resistors located close to the input is recommended. 


OV GROUND 


-2.0V V. T 
uy TL/F/10919-3 


+5V Veco 


OV GROUND 


+3V V 
dy TL/F/10919-4 


FIGURE 7b. ESD Diodes in PECL Operation 
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DUAL SUPPLY TRANSLATORS—THE CONVENTIONAL 
APPROACH 


Dual supply ECL-to-TTL and TTL-to-ECL IC translators have 
been in general use for several years. These devices per- 
form the logic level translations between ECL operating 
from a negative Vee supply and TTL operating from a posi- 
tive Vcc supply. This approach naturally allows each logic 


Features 100324 
Data Bits 

ECL-to-TTL 

TTL-to-ECL 

Flow-Thru 

Latched 

Registered 

ECL Differential Input 

ECL Differential Output 

ECL Output Drive (29) 

ECL Cutoff (Hi Z) 

TTL Output Drive (mA) (loL/lon) 
TTL TRI-STATE® 

ECL Control Pins 

TTL Control Pins 

TPD E to T (ns Max) 

TPD T to E (ns Max) 

leg (MA Max) 

lee (MA Max) (Cutoff) 


loc (MA Max) 
1Vgg provided for Single-ended Operation 


| 8 | 
em 
| x 
fs 8 
ee 4 
ee 
ee 
ar 
| 50 
ee 
20/-2 64/—15 


family to operate in their conventional and Data Book speci- 
fied manner. System designers typically are most comfort- 
able with the dual supply aproach. This conventional meth- 
od permits the use of the most familiar design practice for 
ECL and should easily yield reliable mixed signal system 
operation. The growing list of Fi00K 300 Series Dual Supply 
Translators, as shown in Figure 8, is testimony to the contin- 
ued popularity and versatility of this approach. 


100397 100398 
4 
x 


X 


25 

X 
64/—-15 

X 


64/-15 


< 


x< 


for) 
~I 


a 
a 
ht 
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FIGURE 8. Table of F100K 300 Series Dual Supply Translators 
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SINGLE SUPPLY TRANSLATORS—THE NEW WAVE AP- 
PROACH 

to-PECL interfaces are a recent addition to the F100K 300 
Series ECL family. Development of these devices is motivat- 
ed by the need for a convenient technique by which higher 
performance ECL logic can be integrated into existing TTL 
systems containing a single positive supply. These devices 
should also provide a vehicle for new lower cost designs of 
mixed signal single supply systems. 

Figure 9 describes three such devices being offered in the 
F100K 300 Series family. The popularity of PECL operation 


ECL-to-TTL 


-to-ECL 


ECL Differential Input 


ECL Differential Output 


ECL Output Drive (Q) 


| Features | 100390 





is expected to grow significantly as designers become more 
familiar with the technique. As interest and usage of Single 
Supply Translators increase, 
can be expected to expand. 
A simple illustration of the ease with which the Single Sup- 
ply Translator can accomplish the interface from TTL to 
PECL and back to TTL is shown in Figure 70. Note that the 
translator devices have on chip Vcc partitions that facilitate 
the use of dual powerplanes for the preservation of ECL 
noise immunity. Differential operation on the PECL side of 
the translator is recommended to be used to maximize 
noise immunity. A Veg reference voltage output is provided 
on the 100390 device to facilitate single ended operation. 


wamnn tian fawths: af shin bmn mn 
uen 


Lda inn 
Clay VI US typo Ul USVICe 


ECL Cutoff (HiZ) P| 
TTL Output Drive (mA) (loL/lon) 24/-3 


CMOS-to-ECL 


TTL Control Pins 


CMOS Control Pins es, soe oH 


2Vep provided for Single-ended Operation 


x2 
TIL TAFSTATE 





FIGURE 9. Table of F100K 300 Series Single Supply Translators 


+5V TTL Vog PLANE 


Voc TILVeg — ECLYo¢ 


Veco Yoca 





ECLYg¢ TTL ge 


100390 Locic 
D GND 


OV GROUND PLANE 


TL/F/10919-7 


FIGURE 10. Use of Single Supply Translators 
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F100K ECL Dual Rail 
Translators 


INTRODUCTION 


The complex electronic systems being designed today often 
require mixed technologies to incorporate the most efficient 
balance of performance, speed, power, and cost. In order 
for one technology to communicate with the other, an inter- 
face is needed. One of the most common mix of technolgies 
seen today is high speed ECL with the slower, but very pop- 
ular TTL and CMOS. To make this interface as quick and 
clean as possible, level translators are used. This applica- 
tions note will discuss ECL to TTL and TTL to ECL level 
translators available from National Semiconductor's F100K 
ECL 300 Series product line. Focus will be on Dual Rail 
Translators (translators which require both ECL and TTL 
power supplies for normal operation), their differentiating 
features and possible uses. 


TRANSLATOR SELECTION 


National Semiconductor offers translators of all different 
types. Table | shows the TTL to ECL and ECL to TTL trans- 
lators that are presently available. The first 300 Series 
translators designed were the 100324 and 100325. With 
these devices, unidirectional translation is possible in either 
direction (TTL to ECL with the 100324, ECL to TTL with 


National Semiconductor 
Application Note 784 
Doug Bush 


the 100325). As systems and data widths become larger, 
more bits need to be translated. This need was satisfied 
with the introduction of 8- and 9-bit translators. The 8-bit 
translators (100328, 100329) also offer bidirectional transla- 
tion functionality for applications which require two way 
communication. In many cases, communication over signifi- 
cant distances is needed in noisy environments. To handle 
this situation, differential translators like the 100397 and 
100398 are used. The 100397 and 100398 also offer bidi- 
rectional translation with differential ECL and 250 drive with 
cutoff. The 100397 uses ECL control pins while a separate 
option, the 100398, has TTL control pins. In applications 
where high output drive is needed after an ECL to TTL 
translation the 9-bit 100393, and 100395, or 4-bit 100397 
and 100398 can be used. The 64 mA Io, output current 
capability is ideal for driving long lines and achieving faster 
switching times by discharging the line it is tied to faster 
when in the LOW output state. These outputs are also capa- 
ble of driving higher fanouts than the lower output current 
devices. 

If the designer only has a +5V supply available (i.e., An 
additional ECL supply cannot be used), single rail transla- 
tors can be used. For more information on single rail transla- 


TABLE I. 300 Series Dual Rail Translators 


Features | 100324 | 100325 | 100328 | 100320 | 100393 | 100395 | 100397 | 100398 
Data Bits He fie foe joe | oo fe J 4 4 
Latched Se Nw a 2 a x 
ECL Differential OUT a (a eae /0 V0 
eet tefet fT fet: 
ms, 

7 COCoeS CoCo 
TILTALSTATE® Se CS STS x 
ECL Controtpins | | | XT x || x x 
TrLGonoipins | x | | ft dt x TC 
el ee 
(ns Max) 

==[=[ =|» ~~ [* | 
(ns Max) 

lec (mA May) oe en Ped ee 
locimame) | 38 | 6s | 7a | im | os | 6 | 6 | 4 


*Vpp output available for 100325 
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tion refer to applications note AN-780 “Operating ECL From 
a Single Positive Supply”. 


TRANSLATOR OPERATION SPEED ADVANTAGES 


Designers who have primarily a TTL system will often use 
ECL in areas such as clock distribution, backplanes, and 
differential data transmission where speed is most impor- 
tant. This can be accomplished by level translating from 
TTL to ECL, performing the desired ECL operation, and 
then translating back to TTL. As intimidating as this ap- 
proach sounds, the propagation delay savings gained can 
be very significant. Consider as an example the TTL “error 
capture circuit” shown in Figure 7A and the same function 
performed using ECL shown in Figure 1B. In Figure 1A, a 
TTL system with control lines CRO and CR1 is being moni- 
tored for errors. The error capture circuit consists of a buff- 
er, decoder, and six counters. The buffer transfers signals 
from the control lines to the inputs of the decoder. 

















SYSTEM 


SERVICE INTERRUPT 





CONTROLLER 


BUFFER 
CLK 74F125 


TPD MAX. = 7.5ns 


n] COUNTER 


COUNTER 
TAF169 


TPD MAX. = 15.5ns/COUNTER 


FIGURE 1A. TTL Error Capture Circuit 






The decoder determines which type of error is present and 
then feeds into a 2 stage counter to keep track of how many 


tmnan achanl arrear nncuire 
umes @ ParicCuar Crror SCCurS, 


Table II gives conditions for all possible levels on the control 
lines. When a counter reaches a terminal count of 256 for 
any type of error, a signal is fed to the TTL controller which 
initiates a service routine for that particular type of error. For 
the PDIP devices shown in Figure 1A, the maximum propa- 
gation delay at room temperature for the error capture cir- 
cuit is approximately 51 ns. 


TABLE II. System Errors 


No Errors 


Type 1 Error (11) 
Type 2 Error (T2) 
Type 3 Error (T3) 










DECODER 
74F139 


TPD MAX. = 8.0ns 









COUNTER 
7AF169 
COUNTER 
74F169 Ly 
COUNTER 
74F 169 
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A significant amount of time can be saved by using transla- 
tors and performing the error capture with ECL. In Figure 
7B, an ECL error capture solution is implemented. In this 
case, a 100324 TTL to ECL translator is used to buffer the 
control line signals and provide the required ECL voltage 
levels. Data is then fed into the 100370 decoder and invert- 
ed for counter input. As in the TTL circuit (see Figure 1A), 
when the count reaches 256 for any type of error, a signal is 
fed into the controller for service routine activation. The ECL 
signal is first converted to TTL by use of the 100325 before 
being transferred to the controller. The error circuit for Fig- 
ure 1B has a maximum propagation delay (using CDIP pack- 
age at 25°C) of approximately 20 ns. 


A comparison of the ECL and TTL error capture circuits 
shows that ECL offers a 31 ns advantage in speed over the 
equivalent TTL design. This is a savings of more than half of 
the entire TTL timing budget. Another benefit of using ECL 
in high speed applications is that as frequency increases, 
TTL power increases while ECL power remains constant. In 
fact, as system bandwidth requirements exceed 50 MHz, 
ECL shows a power advantage over TTL. Since the transla- 
tors in Table | have either TTL inputs or outputs, the power 
will increase slightly with frequency, but not as much as pure 
TTL devices. 


TRANSLATOR 
100324 


SYSTEM 


POWER SUPPLY AND NOISE CONSIDERATIONS 


The primary consideration with mixed voltage, dual rail 
translators is to insure maximum noise protection between 
the TTL and ECL ground. The ECL bandgap circuit (shown 
in Figure 2A) is used to generate internal reference volt- 
ages. The internally generated reference voltage used to 
set the input and output threshold levels is called Vag. The 
potential generated to control the level of the active current 
source is called Vcg. These reference voltages (Vgg and 
Vcs) set up by the bandgap circuitry are referenced to the 
ECL ground (Vcc). Any noise on this ground will be injected 
into the reference voltages (Vag and Vcs) producing re- 
duced noise immunity. This implies that a stable, noise free 
ECL ground is needed. 


Veo 





TL/F/10938~3 
FIGURE 2A. ECL Bandgap Circuit 
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TPD MAX. = 4.4ns/COUNTER 
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FIGURE 1B. ECL Error Capture Circuit 
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Ground bounce has been a concern of TTL designers for 
many years. Figure 2B shows the TTL totem pole output 
siructure. The intrinsic inductance in the ground load (TTL 
GND) and power lead (V7T,) are labeled as L1 and L2, re- 
spectively. In order to switch from HIGH to LOW, current 
(marked I1 in Figure 2B) must flow through Q3 and L2 to 
discharge the load capacitance. As this current changes, a 
voltage is developed across the inductor L2 (Recall: 
V2=L2(dl2/dt). Since the inductor (L2) is between system 
ground and the device ground, there will be a voltage drop 
between them. This voltage difference between device and 
system ground will cause the device input and output levels 
to be offset because they are referenced to the internal 
device ground. The devices which are driving inputs or be- 
ing driven by the outputs are referenced to the system 
ground (TTL GND in Figure 2B). This effect is known as 
ground bounce. 


VITL 







Q2 
OUTPUT 


TTL GND 


TL/F/10938-4 
FIGURE 2B. TTL Totem Pole Output 


To insure maximum noise protection, it is recommended 
that the ECL and TTL ground planes on the printed circuit 
board (PCB) are run independently, and are only connected 
back at the low impedance source of the power supply. 
Likewise separate power planes will be used for the TTL 
positive supply (Vt7_), ECL negative supply (Veg), and ECL 
output load power supply (Vt). This leads to five layers of a 
multi-layer PCB being dedicated to power planes. Additional 





Product 






100324 
100325 
100328 
100329 
100393 
100395 


TABLE Ill. Output State Under Power Loss 


ECL Output State TTL Output State ECL Output State 











layers, either internal or on the surface, can be used to run 
signal lines. Figure 3 shows a typical layout for a seven layer 
TTL/ECL PCB. Signals are run on hoth sides of the board. 


th oe 


FIGURE 3. PC Board Power Planes 


Consideration should be made with regard to the power up 
sequencing of translators. Table Ill describes the conditions 
observed for the various translators when ECL or TTL pow- 
er is lost. 


Control pins should be driven by power up referenced sig- 
nals, so that during power up sequencing, the Output En- 
able pins are driven to the disable state. 


DESIGN CONSIDERATIONS 


Translator Pin Connections 


Dual rail translation implies that both positive (Vt7_) and 
negative (VEE) voltage supplies must be used. These volt- 
ages are typically +5V and —5V respectively. Vcc and 
Vcca pins are used for the ground connection to OV. In 
addition to the traditional ceramic DIP and Flatpak pack- 
ages, the F100K 300 Series translators offer a 28-pin Plas- 
tic Leadless Chip Carrier (PLCC) package for surface mount 
capability to reduce board space. This package includes 
three Vegs pins which are used to dissipate heat from the 
package. These pins are connected internally through the 
substrate to Vee. It is recommended that these pins be con- 
nected to the Vee power plane and NEVER to Vcc, Vcoca, 
or VTTL- 









Translator Location 


When using ECL with TTL or CMOS, it is important to group 
CMOS and TTL devices away from the ECL devices. This 
will reduce the possibility of corruption of ECL signals 
caused by noisy TTL or CMOS switching. Translators with 
TTL outputs should be grouped with the TTL devices on the 
printed circuit board (PCB), and translators with ECL outputs 
should be grouped with the ECL devices. 
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APPLICATIONS 
Some of the many uses for ECL/TTL translators are: 


High Speed Cache Memory: Figure 4 shows a two way set 
associative cache system. Data is transferred from the ECL 
memory to cache with the use of a single 8-bit 100328 bidi- 
rectional translator. Once the data reaches the cache, it can 
be moved to the microprocessor quickly for manipulation. 
Since the data bus is a two way communication system, a 
bidirectional translator is needed. The address bus, on 


A15 A7 
ADDRESS -- 








MICROPROCESSOR 


OUTPUT 


OUTPUT = "0" ——® CACHE HIT 
OUTPUT = "1" == CACHE MISS 


ADDRESS BUS 


A 


the other hand, requires only a one way communication. 
This implies a unidirectional translator could be used to in- 
terface the address to ECL memory. It would take three hex 
100324 devices for the 16-bit line shown in Figure 4, but to 
reduce package count two 8-bit 100329 devices are used. 
The ECL memory based system allows reading and writing 
access within one clock cycle. Since the memory is ac- 
cessed quickly, the wait states produced by memory read 
and write are virtually eliminated which results in a faster 
operating system. 
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FIGURE 4. Two Way Set Associative Cache System 
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Peripheral Interface Applications: The 100393 and 
100395 9-bit translators are ideal for translation applications 
where an 8-bit data bus with parity is used. An example of 
this situation is shown in Figure 5. In this case, ECL data 
and parity is transferred through an ECL controller and sent 
to the ECL-to-TTL translator. Data and parity is then con- 
verted to TTL levels and sent through a cable to the periph- 
eral unit (such as a printer) for parity checking and data 
transfer. The 9-bit ECL-to-TTL translator (100393 or 
100395) allows for an 8-bit data transfer and 1 bit for parity. 
The 9-bit function of the 100393 and 100395 also enables 
the translation to be performed with one chip which reduces 
chip count and board space. These translators also have a 
64 mA output drive which is needed to drive the long length 
of cable associated with the printer hook up. 
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TTL/CMOS Dynamic Random Access Memories 
(DRAMs): In instances where high speed ECL CPUs are 
used, low power/low cost DRAMSs can be addressed as 





bulk storage for non-speed critical operations by interfacing 
the ECL CPU with DRAM via the 100328/100329., This en- 
ables you to perform all of your high speed data processing 
tasks in ECL and use more readily available TTL/CMOS 
DRAMs for data storage. 


High Speed Coprocessor: A high speed ECL coprocessor 
can be added to a lower speed processor for enhancement 
of high density computations. This will increase the speed 
and improve the overall system performance. The 100324 
and 100325 would allow differential communication to the 
ECL coprocessor and the differential ECL signals give noise 
immunity from the surrounding TTL system. 


ECL Bussing: All the translators give TTL systems the abili- 
ty to use high speed and low EMI ECL backplanes. ECL 
backplane applications typically use mixed technologies off 
the backplane which means that quick and reliable transia- 
tion is needed. Refer to the “ECL Backplane Design”, appli- 
cations note for additional information. 

Graphics: The 100324/100328/100329 give TTL to ECL 
conversion for use in high speed ECL graphics applications. 
The graphics will be in parallel form in the TTL state, con- 
verted to ECL then turned into serial form by either the 
100341/100336 shift registers, before being fed to a high 
speed graphics driver. 
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Taking Advantage of ECL 
Minimum-Skew Clock 
Drivers 


CLOCK DISTRIBUTION BACKGROUND 


Digital systems have tended from their inception toward in- 
corporation of higher speed elements rather than architec- 
tural changes as the solution to the computational speed 
problem. One result of this has been mounting pressure on 
the semiconductor elements of these systems for higher 
speed and all that this implies. Not only the operating fre- 
quency and signal propagation delay but also the relative 
timing relationships of devices performing parallel tasks 
were challenged. As semiconductor process improvements 
pushed operating speeds higher, the evolution from individ- 
ually-packaged to multiply-packaged gates helped reduce 
delay and speed differences among like devices. Even so, 
areas still existed where system designers demanded ever 
greater improvements in performance uniformity of digital 
logic elements. The synchronization signal generation sys- 
tem, often referred to as the clock system, is one area in 
need of such improvement. 


Most digital logic systems employ some means of synchro- 
nizing the actions carried out by the system’s elements. The 
precision with which these various elements are regulated 
can be shown to have a direct effect on the overall speed of 
the system. The less time variation that must be allocated to 
the logic elements in the signal path, the faster that opera- 
tion may be executed. Therefore, the overall time to perform 
all operations may be reduced or the system speed may be 
increased. In addition, the coordinated timing of the syn- 
chronizing system itself must benefit from an equivalent re- 
duction in relative timing of its elements, or else only limited 
overall benefit to system performance is possible. 


CLOCK NETWORK ELEMENTS 


The typical synchronizing or clock system consists of sever- 
al closely related elements: 


— a primary signal source, usually a precisely regulated, 
high frequency oscillator, 


— frequency dividers to derive lower frequencies from the 
primary source, 


distribution amplifiers to boost signal power or supply 
separated loads, 


signal delay, duty-cycle alteration or re-synchronizing 
elements, 


interconnect wiring, connectors and signal distribution 
network, 


and a power source and distribution system for the semi- 
conductor devices in the system. 


Each of these elements contributes a degree of variability to 
the overall timing precision capability of the system. By vir- 
tue of the fact that the physical properties of each element 
can be controlled only within certain limits, the complete 
system will exhibit a variability somewhat larger than its ele- 
ments taken individually. The effect of the variations contrib- 
uted by the elements to the overall system variability is a 
physical fact that may be demonstrated mathematically. 


National Semiconductor 
Application Note 817 
Jim Mears 


Among the factors affecting variability are: 

— physical size such as the length of wiring, 

— electrical properties such as resistance and charge, 

— internally generated and externally induced noise, 

— and environmental factors like temperature and altitude. 


The visible effect of variability on the system timing is popu- 
larly termed ‘‘skew”’. Similarly, the individual variabilities of 
each element are likewise termed “‘skew’’. The term “skew” 
is used also to describe the difference in delay between like 
paths taken by signals in a logic device or system. However, 
as with many useful terms when carelessly applied, the term 
“skew” can lead to some confusion unless it is more pre- 
cisely defined. 


When applied to the differences in propagation of electrical 
signals through like paths in a logic system, the term 
“skew” will be taken to mean “differential timing error’. In 
terms of the overall effect on the desired timing perform- 
ance of the affected system or device, ‘“‘skew’”’ will be de- 
fined as ‘‘a deviation or asymmetry from the mean or de- 
sired timing value’. The latter meaning of skew will assume 
greater importance in the prediction and analysis of system 
timing errors to be covered later in this note. 


MEETING THE SKEW CHALLENGE 


Control of skew in systems is at best a difficult challenge for 
design engineers. At its worst, skew can be the thing that 
makes or breaks a design. So, to give engineers an advan- 
tage in controlling skew, National offers ECL devices specif- 
ically designed to minimize the device-related component of 
skew. In addition, the skew properties of these devices are 
specified and tested. This has been done to reduce the de- 
sign effort required to compensate for device-related skew 
effects. The results are tighter system timing margins, more 
reliable operation and faster operating speeds. This means 
greater system through-put and information processing effi- 
ciency. 


300-SERIES ECL—The Best Weapon Against Skew 


300-Series ECL has some natural advantages in the war on 
skew. ECL differential amplifiers are minimum-skew by their 
very circuit configuration. The fundamental property of the 
differential amplifier used as a logic element is balanced 
switching. The amplifier, Figure 7, is symmetrical. This re- 
sults in identical switching delays regardless of output. Fol- 
lowing stages are added symmetrically, Figure 2, so that 
overall balance is maintained internally. 300-Series devices 
designed for minimum-skew also employ a unique die layout 
to preserve the basic amplifier balance. 


Another advantage of 300-Series ECL is its precise, stable 
Vee reference supply with wide operating power supply 
range. This reference is compensated for stability from the 
effects of changes in temperature or supply voltage. 300- 
Series minimum-skew devices operate from —4.2V to 
—5.7V supplies as do all other 300-Series logic devices. Ad- 
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vanced semiconductor processing, design and manufactur- 
ing result in uniquely low power consumption for this ECL 
family. 

Augmenting the inherent balanced design of the amplifier, 
300-Series minimum-skew devices feature differential inputs 
and outputs. Selected devices have an additional single- 
ended input and input selector for use as a test input or 
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FIGURE 1. ECL Differentical Amplifier 
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FIGURE 2. ECL Buffered Amplifier 


auxiliary main input. However, skew tolerances are wider 
when using the single-ended input. The differential outputs 
are fully buffered emitter-tollowers. They are designed io 
have symmetrical transitions and skew performance under 
symmetrical loading conditions. Some devices also make an 
external Vep reference available for use in situations where 
the inputs must be separately biased. 
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Skew can be adversly affected by packaging. For this rea- 
son National has chosen to supply F100K minimum-skew 
devices in packaging complementing their inherent perform- 
ance. F100K devices are supplied in SOIC, PCC and flat- 
pak packaging as appropriate for the intended class of serv- 
ice; commercial, industrial or military. 


PACKAGE TYPE AND LAYOUT 


Packaging and pinout also affect skew performance. Small- 
er, more symmetrical packaging like PLCC and SOIC types 
contribute less to skew than do DIP packages. Their smaller 
size reduces parasitic inductance, a contributor to noise and 
signal delay. Symmetrical pin layout equalizes path length 
for all signals from the die to the circuit board thereby reduc- 
ing a skew component. And, additional output Vcc pins help 
reduce skew by providing extra paths for output signal re- 
turn currents to ground. 


TESTING 


Despite careful design, packaging and advanced process- 
ing, skew performance is worth little unless its effect on 
device performance can be accurately known. Reliable 
skew values, guaranteed by test, are essential in predicting 
system performance. 300-Series ECL minimum-skew devic- 
es are fully tested and specified for all standard DC and AC 
parameters as well as all relevant skew parameters. 


It should be appreciated that devices designed for minimum 
skew values of a few tens of picoseconds are difficult to test 
using ordinary IC test equipment. Therefore, National has 
developed advanced production test equipment capable of 
measuring the AC and skew characteristics of these high- 
performance devices. This results in more accurate and de- 
pendable data for design and greater uniformity of product. 


SYSTEM DESIGN OBJECTIVES 


The best way to take advantage of minimum-skew driver 
capabilities is through good system design. Minimum-skew 
specified devices cannot compensate for or improve on a 
poor system design. However, these devices can add extra 
margin to a good design. They also permit more predictable 
performance in well designed system environments. 


The majority of problems that plague clock generation and 
distribution systems lies beyond the active devices and out- 
side of their effect. These problems result from shortcom- 
ings in the signal transmission, power supply or mechanical 
systems. A good system design should give the minimum- 
skew driver a fighting chance to perform satisfactorily. This 
is the primary job of the system designer. 


But, before the designer can effectively use these devices, 
a reasonable set of electrical and mechanical specification 
objectives for the overall system must first be developed. 
Next, the device specifications as they apply within the 
scope of the system specification must be understood thor- 
oughly. Only then can devices with performance appropriate 
to the overall objectives be selected. Indeed, the process of 
resolving device and system objectives may reveal incom- 
patibilities. Then either the system requirements or the 
choice of device must be changed. Lastly and most impor- 
tantly, the active devices must not be over-worked or handi- 
capped by improper load conditions or the system environ- 
ment. 


A good set of system objective specifications will incorpo- 

rate all of the following considerations: 

— Astable, adequate, noise-free and well isolated DC pow- 
er supply and power distribution system, 

— Noise-resistant and RFI/EMI-proof design and suppres- 
sion techniques, 
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— Acarefully designed signal transmission and distribution 
system, 


— Appropriate and efficient printed circuit board layout, 
— Adequate cooling for all power-dissipative devices, 


— Environmental requirements like altitude, humidity, and 
temperature: 


— The appropriate active devices for the required perform- 
ance. 


The sections that follow present design techniques and 
guidelines formulated around the above objective specifica- 
tions. Colateral sources where more complete or additional 
design information may be found will be noted or may be 
found listed in the Appendix. 


POWER SUPPLY NETWORK DESIGN OBJECTIVES 


ECL minimum-skew devices can benefit especially from a 
well designed power supply system. Though not unique for 
minimum-skew devices, the design of ECL power supply 
systems must achieve several important objectives. 


1. The power system must supply constant, noise-free volt- 
age at adequate current levels to all active devices in the 
system. © 


2. The power system must appear as a virtual battery to 
each device. That is, it must effectively isolate devices 
such that each appears to be independently powered. 
Thus, noise signals resulting from operations going on 
within each device will not propagate to other devices 
through the power supply system. 


3. The power supply system also must propagate without 
distortion the return or image currents for all signal-carry- 
ing transmission lines. 

4. The power distribution planes within each printed circuit 
board (FCP) should act as electrostatic shields to reduce 
RFI radiation from the transmission line system. 


These objectives can be adequately met if reasonable care 
is taken in the design of the power supply feed system, the 
supply isolation and bypassing and the organization and lay- 
out of the PCB’s. 


More information on power supply design considerations 
can be found in the “F100K ECL Logic Databook and De- 
sign Guide”, Chapter 5. 


POWER SUPPLY BYPASSING 


The topic of power system bypassing is generally given in- 
adequate treatment in logic applications literature. The com- 
mon approach taken is to simply recommend that a 0.1 pF 
ceramic capacitor be used for every so many devices. In 
systems with frequencies predominating below 10 MHz and 
edge rates on the order of 1V/ns or slower, this prescription 
may be adequate. However, for systems with frequencies 
above 10 MHz and edge rates less than 1V/ns, the above 
prescription is bad medicine. The reasons are easy to ex- 
plain but require a look at the role and objective of bypass- 
ing. 

Bypassing serves two general roles in the power supply sys- 
tem—filtering and energy storage. Both of these are related 
by the fact that, in performing filtering, the capacitor stores 
and releases energy. To be more specific, the four goals of 
an efficient bypassing scheme are: 


1. Reducing the internal impedance of the power distribu- 
tion wiring system, 

2. Low-pass filtering of the DC being supplied to each active 
device, 
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3. Isolating active devices from each other, and 
4. Controlling noise due to transient current demands on the 


cunnly evetam_ - 
suprey system. 


These four goals are interrelated and are parts of the pri- 
mary objective of having each active device appear as 
though powered by an internal, ideal battery. In fact, goals 
2, 3 and 4 can be considered as results of achieving goal 1. 
Reducing the impedance of the power system conductors at 
all frequencies in the system pass-band helps accomplish 
all goals of efficient bypassing. 


The “F100K ECL Logic Databook and Design Guide” (Sec- 
tion 7, Chapter 5) recommends multi-layer PCB construction 
with entire layers assigned to each supply voltage and 
ground. While this might appear to be an ideal power distri- 
bution method for DC, it increasingly deviates from the ideal 
as frequency increases. For frequencies below about 
10 MHz, the internal impedance of power plane layers may 
be in the range of 19 to 10 depending upon geometry. At 
higher frequencies, and especially above 50 MHz to 
100 MHz, skin and striction effects cause a ten-fold or 
greater increase in internal impedance. This means that cur- 
rent changes resulting from switching of the active devices 
at high frequencies can induce large voltages in the power 
planes. These noise voltages affect nearby circuits and sig- 
nals on transmission lines. To eliminate this interference, a 
means is needed for decreasing the impedance of the 
planes at high frequencies. 


Restricting the pass-band of a wire transmission system to 
frequencies approaching DC is termed low-pass filtering. 
Suitably sized capacitors placed at regular intervals on a 
wire transmission system form a low-pass filter. As frequen- 
cy increases, the capacitor’s reactance decreases. This re- 
duces the amplitude of the signal as it traverses the trans- 
mission line. Therefore, the effect of noise generated by an 
IC on the power supply voltage of its near neighbors is re- 
duced. In addition, lowering the internal impedance of the 
power plane system reduces radiated RFI and the effects of 
external interference sources on the power supply system. 
And, the power plane system will appear as a more nearly 
uniform AC ground for signal-carrying transmission lines in 
adjacent layers of the PCB. 


Another property of the transmission line, low-pass filter is 
that it delays signals traveling on the line. In addition to 
attenuating AC signals and noise generated by the active 
devices, the signals are also delayed. This effectively in- 
creases the isolation between devices in the time-domain. 
Naturally, as the delay of the power supply transmission 
system increases, the closer the bypass capacitors must be 
to the noise source in order for them to be optimally effec- 
tive. 


Supply ‘bypassing is generally less critical in F100K ECL 
systems than in 10K systems, especially since output load 
balancing can be used. Bypassing still must perform the 
functions mentioned previously, but the balanced switching 
of F100K results in a quieter overall system to begin with. 
The primary suppression role of bypassing is in controlling 
noise from unbalanced output switching on the power sys- 
tem. 


The selection of bypassing components for F100K systems 
should be based on the expected operating frequencies of 
the various networks as well as the output transition rates. 
Also, the choice of balanced versus unbalanced output 
loading plays a major role. 
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Capacitors bypass or suppress frequencies best near their 
self resonant frequency, Figure 3. At this frequency the ca- 
pacitor appears to be more nearly a short-circuit. Below res- 
onance the capacitive component of reactance dominates. 
Above resonance the inductive component plays a bigger 
role. The effective impedance at resonance is the resistive 
component or ESR (equivalent series resistance). It is nor- 
mally desirable to minimize the ESR so that the capacitor is 
a good short circuit. However, it may be more desirable to 
have some resistance in series with the capacitor in order to 
broaden the range of frequencies where the capacitor is 
effective. 


In the time domain, the capacitor’s behavior becomes more 
complex. Fast risetime transient pulses contain frequencies 
generally far above the capacitor’s self-resonant frequency. 
During these pulses, the capacitor has an instantaneous im- 
pedance value ten or more times its ESR. For this reason, it 
is often desirable to ‘“‘bandspread” the bypass capacitor by 
using several different capacitor values in parallel. An exam- 
ple of this is placing 0.1 uF, 10 nF and 1 nF ceramic chip 
capacitors in parallel. The capacitors may be attached to 
the PCB in a sandwich, “piggy-back” style, provided their 
lengths are equal. Leaded capacitors may be placed close 
together on the circuit board to achieve a similar result, also. 


The signal frequencies being transmitted by the logic devic- 
es and the switching frequencies of device outputs are not 
the only signals that must be handled by the bypassing. 
There are also frequencies associated with the energy 
transfer between different functional groups of components 
on the PCB’s and in the overall system. For instance, a 
memory system may be active at one-fourth of the rate of 
an associated CPU group. The peak energy exchange rate 
between the memory system and the power supply would 
be one-fourth that of the CPU and the supply. Though the 
memory may handle signals at the same frequency as the 
CPU during communications, the power supply system also 
sees the lower frequency as well. Therefore, the power sup- 
ply system and the memory/CPU circuit board must have 
bypass capacitors for both sets of frequencies. For this rea- 
son, larger value capacitors, usually tantalum or similar elec- 
trolytic types, are found on circuit boards. These capacitors 
smooth energy transfers at lower frequencies. 


CLOCK SOURCE NOISE CONTROL 


The clock system is normally the source of most high fre- 
quency noise in digital systems. Part of the overall design 
objective for the clock system is that it not create interfer- 
ence with other parts of the system. 


|solation of the clock source and its associated distribution 
amplifiers is an effective way of reducing such interference. 
Insertion of a ferrite choke in the power supply feed to the 
active devices forms a noise filter that reduces interference 
from these devices to other logic through the power system. 
The filter may take the form of a Pi-network or longitudinal 
choke as in Figure 4. In selecting the inductor, the core must 
have sufficient current rating to handle the load without sat- 
uration. Also, the core material should be capable of operat- 
ing over the frequency range of the oscillator and associat- 
ed components. Type 3B or 4B core materials are typical for 
ECL applications. Suitable 6-hole ferrite chokes are avail- 
able from Fair-Rite, Siemens, Ferroxcube and others. 


CLOCK NETWORK TOPOLOGIES 


The choice of clock network topology is intimately a part of 
the architecture and partitioning of the system. To recom- 
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mend a particular topology would be presumptive. There- 
fore, the scope of this discussion will be limited to more 


general considerations of the networks. 


The general forms of networks suitable for clock distribution 
are: point-to-point, daisy-chain, radial (star), branching 
(tree), auxiliary main input and bus. Any of these can be 
implemented as single-wire-over-ground or balanced differ- 
ential networks. The differential method has advantages of 
less suceptability to interference from noise, temperature 
effects, threshold shifts and common-mode signals. These, 
plus the network’s inherent balance, mean lower skew. 
F100K is particularly suited to use in differential networks. It 
employs differential outputs on virtually all devices and dif- 
ferential inputs particularly on clock distribution devices. 


Naturally, to benefit from the advantages of the differential 
network, its balance must be maintained. Loading and termi- 
nations should be applied equally to both conductors of the 
differential pair. If loading is not balanced, the propagation 
delay of each conductor will be different. This can lead to 
differences in the arrival time of the complementary signals 
thereby increasing skew. 


Regardless of the network topology, the relationships of 
network impedance, drive capability, critical loading and ter- 
mination must always be considered. 


IMPEDANCE, LOADING AND INTERFERENCE 


The equivalent generator resistance of the F100K output 
emitter follower is approximately 71. With this low value, the 
output is nearly an ideal voltage source capable of driving 
almost any reasonable value of load impedance or trans- 
mission line type. High impedance transmission lines (above 
502) are difficult to achieve in practice on PCB’s with thin 
dielectrics. However, high impedances are more common 
with twisted-pair lines. The propagation velocity of energy is 
more affected by capacitive loading on high impedance 
lines. And high impedance lines are more susceptable to 
crosstalk and noise interference. 


Low impedances (less than 50) require wide line widths, a 
problem where small packages and dense PCB layout are 
desirable. Also, lower impedances require more energy from 
the driver. For a given output type, this results in lower volt- 
age swings into the line and higher DC and AC power since 
the termination value is lower, also. An advantage of lower 
impedances is that of their being less affected by capacitive 
loading and crosstalk. 


The effect of loading versus line impedance is easily illus- 
trated. A 502 line in FR-4 material has an unloaded propa- 
gation delay of about 56 ps/cm. Unloaded 259 and 1002 
lines in this material have the same delay. By adding only 
1 pF/cm load to the 502 line, the delay is increased by 
21 ps. The 252 line’s delay increases 11 ps and the 1000 
line by 38 ps. Clearly, skew-versus-loading is easier to con- 
trol if the line impedance is kept low. This is the reason that, 
from all practical standpoints, 509 is widely considered as 
the best line impedance choice. 


Controlling the chosen impedance and skew in practical 
networks can be difficult in practice. This is particularly true 
where many loads need to be driven in precise phase rela- 
tionship to a source. Ideally, it would be best to drive each 
load in a point-to-point connection. Except for the most ex- 
acting applications, this can be costly in terms of board 
space, power and components. 
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Series-terminated radial or star networks can be used in 
many cases to drive multiple loads from one output. As long 
as the load impedance driven does not exceed output drive 
capability, 2, 3 or 4 lines may be driven. Radial nets may 
also be driven from the end of another transmission line 
connected to the driver output. In this case, the impedance 
of the line between the driver output and the star-point must 
be less than the impedance of any line connected to it. 
Each line radiating from the star-point is driven through a 
series termination. The value of the resistor is chosen to 
give the minimum required voltage swing at the input con- 
nected at the receiving end of the line. More details for de- 
signing radial networks may be found in Chapter 4 of the 
“F100K Logic Databook and Design Guide”. 


Timing and skew are more difficult to control with the daisy- 
chain network and its bi-directional equivalent, the bus net- 
work. Differences in the individual load values attached to 
the net contribute to increased skew. This is especially true 
in parallel-path buses where there is another complicating 
factor. The bus is normally bi-directional. Whereas the dai- 
sy-chain net has one source and multiple loads, the bus has 
multiple sources. Delay from one source to a given destina- 
tion, relative to another source to the same destination, may 
create difficult timing situations, especially where all sources 
share a common distributed clock. In such situations, con- 
sideration should be given to re-synchronization of the com- 
mon clock relative to the other signals being transmitted 
from the particular location on the bus. This re-timed clock 
will then be properly synchronized to its related signals and 
a reduction in location-dependent skew on the bus will re- 
sult. 


TERMINATION NETWORKS 


Minimum-skew drivers cannot correct the behavior of im- 
properly terminated networks. In fact, operation of any driv- 
er-network combination is impaired by faulty termination. 
Faulty termination corrupts signals and contributes to skew, 
timing and noise problems. A brief look at the goals of basic 
series and parallel termination networks will clarify their use. 


The goal of parallel termination is absorbtion of all transmit- 
ted energy at the network terminus with none reflected to 
the source. Any signal distortion occurring is solely due to 
reflections from the loads attached to the line. The parallel 
termination should have a resistive value close to that of the 
network’s impedance to be optimally effective. Parallel ter- 
minations may be simply a single resistor from the terminus 
of the network to a voltage source (normally —2V) or they 
may be Thevenin networks equivalent to the single resistor 
and voltage source values. 


The series termination operates on the principle of Ohm’s 
Law. As a voltage divider, the goal of the series termination 
is to reduce the driver’s output voltage transmitted into the 
line by about one-half. When this voltage (referred to as the 
incident wave voltage) reaches the opposite end or termi- 
nus of the network, which is unterminated and approximate- 
ly an open circuit, the voltage level doubles. A receiver at 
the terminus of the line sees its full input voltage swing. 
However, receivers between the input and terminus ends 
see only the voltage transmitted into the line. All of the volt- 
age arriving at the terminus is reflected back to the source 
with the same polarity as that of the incident wave voltage. 


As this reflected wave voltage transits the line toward the 
source end, the voltage level along the line is raised to the 
full swing voltage of the driver’s output. Only at the instant 
when this voltage wave reaches each input will that input 
see its full voltage swing. Therefore, intermediate loads ex- 
perience a period where input voltage is at or near threshold 
level. Consequently, there is a delay of more than one line 
transit time until the input voltage reaches a proper level. 
For this reason, series terminations are used almost exclu- 
sively in point-to-point networks. 

In some cases, networks may require combinations of se- 
ries and parallel terminations to achieve satisfactory per- 
formance. Networks of this type must be carefully designed 
and tested on an individual basis to assure correct opera- 
tion. The laws governing such networks are the same as for 
the basic networks and terminations. Further information on 
terminations, other network configurations and their design 
requirements can be found in the ‘“‘F100K ECL Logic Data- 
book and Design Guide”, Chapter 4. 


PC BOARD LAYOUT RECOMMENDATIONS 


Proper PC board layout is high on the list of important con- 
siderations when using ECL minimum-skew devices. The 
performance enhancement offered by minimum-skew devic- 
es can be wasted by inadequate layout. So, a look at some 
additional layout recommendations aimed at maintaining the 
high performance that these ECL devices are capable is 
essential. 


F100K ECL minimum-skew devices are available standardly 
in surface mount packaging. Devices use either SOIC and 
PCC packages. Each package type has its own unique 
mounting requirements. However, there are some common 
areas where both types can benefit from attention to layout. 


These areas are bypassing location, power and ground con- 
nections, differential line layout and power plane isolation. 


Literature available from National Semiconductor is listed in 
the Appendix. 


BYPASS CAPACITOR PLACEMENT 


The placement of bypass capacitors is as important as their 
electrical characteristics. Placement and connection into 
the system can significantly alter the effectiveness and 
electrical performance of the bypassing elements. Ideally, 
the capacitor is placed as close as possible to the device 
requiring the bypass. Only an absolute minimum of wire 
length should connect the capacitor to the power planes or 
the IC leads. If surface mount capacitors are used, the 
mounting lands are connected directly to the power planes 
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through vias and omit any extra wiring. Figure 5 shows the 
recommended placement and connection methods for PCC 
layouts on conventional multi-layer PCB’s. Figure 6 shows 
the recommended application where SOIC packaging is 
used. 


POWER AND GROUND CONNECTIONS 


Power and ground connection paths must be kept short oth- 
erwise excess inductance is introduced in the IC’s power 
leads. Excess inductance reduces the effectiveness of any 
associated bypassing and makes the power supply seen by 
the IC less stable. Where multiple power or ground pins are 
provided on the IC package, all should be connected to the 
appropriate supply potential. Figure 7 shows examples of 
correct and incorrect power connections to PCC and SOIC 
packaged devices. 


DIFFERENTIAL LINE LAYOUT 


National’s minimum-skew devices generally employ differ- 
ential inputs and outputs as an aid in combating skew. 
When combined with properly designed differential trans- 
mission line layouts, precise system timing is possible. How- 
ever, careless layout of differential lines can cause serious 
timing and skew problems. By observing a few simple rules, 
effective differential transmission systems can be easily de- 
signed. 


1. Differential transmission lines must be organized in pairs. 
Lines originating at complementary outputs must be 
paired throughout their lengths. Additional spacing should 
be allowed between pairs in all layers. Approximately 
twice the spacing between the lines of the pair should be 

- used between pairs. 


. Both lines of a differential pair must be of equal length. 
Changes of direction must be accompanied by either an 
equal and opposite change of direction or additional 
length must be added to the resulting shorter line. 


. Differential lines should be paired (run parallel) in the 
same layer. When a direction change dictates a change 
of layer, both conductors should change layers. In gener- 
al, there should be an equal number of vias in each line 
as the result of layer changes. The width of the lines may 
be adjusted according to preserve line impedance. 

4. Corners in lines with angles greater than 45° should be 
mitered or radiused to preserve impedance uniformity. 
Figure & illustrates these rules with several ways in which 


differential lines may be implemented correctly and incor- 
rectly. 
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FIGURE 5. PCC Bypass Capacitor Placement 
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FIGURE 6. SOIC Bypass Capacitor Placement 
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FIGURE 7. Power Pin Connection 


INCORRECT 
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CORRECT 





TL/F/10982-13 
FIGURE 8. Differential Line Layout 
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AVOIDING SKEW TOLERANCE BUILD-UP 


There are additional steps that can be taken to avoid skew 
build-up. Perhaps the simplest is to observe the rule of 
equal loading and termination. Briefly stated, all matching 
delay paths must be loaded equally, both resistively and 
reactively. Complementary outputs must have equal resis- 
tive termination values. Capacitive loading must be equal! for 
both outputs, also. This is especially true of differential lines. 


For example and using the delay value for 50 lines men- 
tioned previously, a loading difference of 5 pF between the 
conductors of a differential line can result in a skew of 
105 ps, or about one-fifth of a risetime. When combined with 
other effects like crosstalk and impedance discontinuities, 
significant skew can occur. 


Path delay distribution is another step that can be taken to 
avoid skew build-up, Figure 9. This means that, if a clock 
distribution path must pass through several amplifiers, steps 
should be taken to assure that the signal does not use the 
same path, pin-wise, through all amplifiers. To illustrate, as- 
sume that the path passes through three F100311, 1:9 dif- 
ferential drivers. The input pins in all cases are 28 (in) and 
2 (in/). If the first output pair is 25 (D0) and 24 (DO/), then 
choose pins 23 (D1) and 22 (D1/) for amplifier #2 and pins 
20 (D2) and 19 (D2/) for the third amplifier. Additional varia- 
tion can be achieved by reversing the input phase through 
each amplifier. Of course, the output phase must be similar- 
ly reversed to match the input. These points may seem mi- 
nor, but all contribute to reducing the mathematical proba- 
bility of skew tolerance build-up. 


OFFSETTING CORNERS 





REVERSING PHASES 





TESTING MINIMUM-SKEW CLOCK SYSTEMS 


As with all types of electronic systems, the performance of 
minimum-skew circuits must be verifyable and testable. The 
very nature of these systems calls for more care and preci- 
sion in testing than other types of logic systems. And, great- 
er precision is required from the test equipment and its use. 
Certainly the oscilloscope is the most frequently used piece 
of test equipment for logic systems. While it does provide 
much information about the quality of signals, it may be the 


~ cause of error if improperly applied. Perhaps the single larg- 


est error source and the least recognized is the place where 

scope and circuit meet, the probe. To do justice to the sub- 

ject of probing and probes in pulse application would require 

a book unto itself. One very useful book from Tektronix is 

“ABC’s of Probes”. In it are emphasized some essentials 

for choosing a suitable probe for the job. Some of these are: 

— Compatibility with the scope system, 

— Adequate bandwith and risetime capability exceeding 
that of the system to be tested, 

— Low circuit loading, which implies low capacitance at the 
tip, 

— High enough impedance so as to not unduly load the 
circuit being probed (This does not mean that FET 
probes are the best choice), 

— And delay matching when multiple probes are used for 
relative delay measurements. 


ee 
Fa eee on 


== 
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FIGURE 9. Avoiding Skew Tolerance Buildup 
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The choice of scope is equally important and the list of its 
basic features is similar to that for the probe. Where the 
precise nature of the signal to be measured is unknown, the 
analog scope may provide the most useful information ini- 
tially. While it does not have all of the sophistication of digi- 
tal scopes, it offers fewer complications and a fidelity that is 
hard to beat. The digital scope, especially if it has storage 
capability, can be an asset where comparison of signals 
taken at different times and places in the circuit is important. 


Additional useful information on scopes and in-circuit mea- 
surements may be found in the series “Troubleshooting An- 
alog Circuits” by National Semiconductor’s Bob Pease in 
“EDN” and available as a reprint from National. 


A final consideration and one that is often overlooked is the 
incorporation of test points in the circuit. The increasing use 
of surface mount devices and dense layouts makes probing 
these circuits more difficult. Inclusion of test points or test 
connectors can ease the job considerably. Just remember 
to make sure that the test points do not corrupt the signals 
and are themselves designed for minimum-skew. Test 
points may even be provided by reserving one output of an 
ECL minimum-skew device at each critical point in the cir- 
cuit. This provides isolation for the probe and minimal load- 
ing on the monitored circuit. And, of course it should go 
without saying that test points should be accessible without 
the need to mechanically or electrically alter normal opera- 
tion of the equipment being tested. 


APPENDIX 
Available Literature 


Application Notes 

AN-467 — Surface Mount: From Design to Delivery 

AN-468 — Wave Soldering of Surface Mount Components 

AN-469 — Reliability of Small Outline Surface Mount Pack- 
ages 

AN-470 — Wave Soldering: Is SOIC Reliability Compro- 
mised? 

Datasheets 

113295-001 — Plastic Chip Carrier Technology 


113615-001— A Basic Guide to Surface Mounting of Elec- 
tronic Components 





Other Literature 

570430-001 — Reliability Report Update Small Outline (SO) 
Package 

570435-001 — Getting Started in Surface Mount 

980040-001 — Reliability Report Update — Plastic Chip 
Carrier (PCC) Package 

980045-001 — Reliability Report Update — Small Outline 
(SO) Package 

980055-004 — Surface Mount Availability Guide 
F100K ECL 100 Series to 300 Series Con- 
version Book 


Troubleshooting Analog Circuits (EDN Arti- 
cle Series Reprint) 


Databooks 
400080 — Reliability Handbook 
400028 — F100K ECL Logoic Databook and Design Guide 


BIBLIOGRAPHY 

“F4100K ECL Logic Databook and Design Guide”, National 
Semiconductor Corp., 1991 

“Radiotron Designer’s Handbook”; Fourth Ed.; F. Langford- 
Smith; Amalgamated Wireless Valve Co. Pty. Ltd.; Sydney, 
Australia; 1952 

“The RF Capacitor Handbook”; ist Ed.; American Techni- 
cal Ceramics; 1979 

“Traveling-Wave Engineering”; R.K. Moore; McGraw-Hill; 
1960 

“Communications Systems: An Introduction to Signals and 
Noise in Electrical Communications”; A. Bruce Carlson; 
McGraw-Hill; 1968 

“Analysis, Transmission and Filtering of Signals”; M. Javid 
and E. Brenner; MrGraw-Hill; 1963 

‘ABC’s of Probes”; Tektronix, Inc.; 1989 

Electronic Circuit Calculations Simplifed, Part 4 - RC combi- 
nations in D.C. circuits’; S.W. Amos; “Wireless World”; 
9/1975; pp. 423-426 

‘Electronic Circuit Calculations Simplified, Part 5 - RC com- 
binations in A.C. circuits”, S.W. Amos; ‘Wireless World”; 
10/1975; pp. 475-478 
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Section 6 
Ordering Information and 
Physical Dimensions 
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ORDER INFORMATION 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


100XXX or 11CXX D C QR 


Device Number qe Special Variations 

(basic) QR = Commercial grade device 
with burn-in 

*QB = Military grade device with 
environmental and burn-in 
processing 


Package Code 
D = Ceramic Dual-In-Line 
F = Flatpak or Quad Cerpak 
*Q = Plastic Chip Carrier (PCC) 
Temperature Range 
C = Commercial (0°C to + 85°C) 
*| = Industrial (— 40°C to + 85°C) 
(PCC Only) 
*M = Military (—55°C to + 125°C) 


*Available in 300 Series devices only 


For most current packaging information, contact product marketing. 
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ECL Tape-and-Reel Specification 


General Description 


Tape-and-Reel is a new method for shipment of surface 
mount devices. This approach simplifies the handling of 
semiconductors for automated circuit board assembly sys- 
tems. A Tape-and-Reel holds hundreds-to-thousands of 
surface mount devices (as compared with less than 100 
devices in a rail), so that pick-and-place machines have to 
be reloaded less frequently. This savings in labor will further 
reduce manufacturing costs for automated circuit board as- 
sembly. 


Features 

m Conductive PVC material redeuces static charge build- 
up 

m Fully meets proposed EIA standard RS-481A (taping of 
surface-mounted components for automatic placing) 


Tape-and-Reel Diagram 


ARBOR HOLE 

(FOR MOUNTING REEL 
ON PICK-AND-PLACE 
MACHINE) 


LABEL 
(IDENTIFIES 
DEVICE CONTENTS) 


REEL 
(CARRIES 
TAPE DURING 
SHIPPING AND 
COMPONENT 
FEEDING) 


m Fully compatible with National’s surface mount package 
types 

m Variable code density code 39 bar code label for Auto- 
mated Inventory Management availability 

m Mechanical samples of surface mount packages avail- 
able in Tape-and-Reel for automated assembly process 
development 

m Single Tape-and-Reel holds hundreds-to-thousands of 
surface mount semiconductors for additional labor sav- 
ings 

m Conductive cover Tape-and-Reel availability 

@ Reels individually packed 


COVER TAPE 
(SECURES DEVICE 
IN CAVITY) 













SURFACE 

MOUNT 
SEMICONDUCTOR 
DEVICE 


CAVITY TAPE* 
(HOLDS DEVICE) 


‘ SPROCKET HOLES 
(GUIDE TAPE IN 
PICK-AND-PLACE 
MACHINE) 


“MADE OF CONDUCTIVE PVC MATERIAL 
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Tape-and-Reel Overview 


TAPE FORMAT AND DEVICE ORIENTATION 


DIRECTION 
OF FEED 


eee 
- TRAILER 
SECTION + CARRIER SECTION ht 


990DDNDDOCD OOOO CONDON COO OOO OOOOGOOOCD0OGOOCDO0O 00000 
















HUB 
END 






herr a 
EAVITIES * EAVITIES : SEALED COVER TAPE * CAVITIES * Gaviries 
© UNSEALED © SEALED © SEALED © UNSEALED 
COVER TAPE COVER TAPE COVER TAPE COVER TAPE 
(—————__— LF OSS, —e—e—e—e—e_—h—rs—X— ~1 





ry | | 
! | { | 
' {oi ! | 
| 1! PINA | | 
| ORIENTATION =~ 
| I | | 
| 1 | | | 
| 1 | | | 
I | | | 
—_——_— de LS sosoo J ou a ——— = 
OPTION1 OPTION 2 $0-IC PCC-IC 
DEVICES DEVICES 
SOT-23 
DEVICES 
TL/F/10995-2 
MATERIALS 
* Cavity Tape: Conductive PVC (less than 105 2/Sq) e Reel: 1. Solid 80 pt. Fibreboard (standard) 


2. Conductive Fibreboard available 


¢ Cover Tape: Polyester ; 
3. Conductive Plastic (PVC) available 


1. Conductive Cover available 


LABEL 
Human and machine readable label is provided on reel. A variable (C.P.I.) density code 39 is available. NSC STD Label (7.6 
C.P.I.). 


Field Example: 
Lot Number LOT DATE _ REVISION 
Date Code NUMBER CODE NUMBER 
ieee bai 6 LOT: EP&393b3K027 D/C: Rs 

ti rt No. [.D. 
Quantity LOCOCO CA omc 
Fields are separated by at least one blank space. Ra sucoell soe oUhe Bape 
Future Tape-and-Reel packs will also include a smaller-size HAE TME ERC AOE UEC I 
bar code label (high-density code 39) at the beginning of the NATIONAL SEMICONDUCTOR PART NUMBER 


tape. (This tape label is not available on current production.) TL/F/10995-3 
National Semiconductor will also offer additional labels containing information per your specific specification. 
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c " 
° s 
3 | SO-24 (Wide) 
5 | TAPE FORMAT 
® 
Py Tape Section | #Cavities | Cavity Status | Cover Tape Status 
7 Leader 
@ 
¢ Preston | (Start End 
= of == TI Carrier 1000 Filled 
© Feed 
i Trailer 
co (upEnd) | 2¢miny | Empty | Unsealed 
- 
=_l 
o TAPE DIMENSIONS 
—| | _amseoe oe oon 
(SEE NOTE 1) 
~ .79 + 0.002 . KE 
SSR rm |e) | SRS sata 
8° MAX 
000 0O06UCUOWCOOUCUCOUCOUlUCO / 
e—_—_— 
0.453 + 0.002 Ke 
11.5 + 0.05 | 
0.945 + 0.012 0,630 + 0.004 
@ 
{| 
0.081 + 0.002 typ 0.118 + 0.004 
2.05 + 0.05 12+0.1 3+01 
ro 
0.435 + 0.004 
11.05 + 0.1 
@ TANGENT POINTS SSX ace 


REEL DIMENSIONS 





MAXIMUM ALLOWABLE 
BEND RADIUS : 
TL/F/10995-4 


1.197 
oe | 


0.512 + 0.002 
13 +0.05 





mf — 
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PLCC-28 


TAPE FORMAT 


Tape Section | #Cavities | Cavity Status | Cover Tape Status 
Leader 
Direction (Start End) Empty Sealed 
ee Filed 
Feed 
(Hub Ene) 
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TAPE DIMENSIONS 
0.157 + 0.004 
4020.1 


0.061+ 0.002 0.079 + 0.002 Te 0.069 + 0.004 0.012 


1.55 + 0.05 2+0.05 1.75201 3 


a oe 
0.945 + 0.012 


24=0.3 0.524 + 0.004 
13.340.1 
@ TANGENT POINTS 


0.453 + 0.002 
11.50.05 


(0.423) 
(10.75) 


0.081 + 0,002 m 0.193 + 0.004 
2.05 + 0.05 4.9201 


TYP 


0.524 + 0.004 
13.3+0.1 
@ TANGENT POINTS 


(0.193) 
(4.9) 
(0.012) 


(0.3) 





MAXIMUM ALLOWABLE 
BEND RADIUS 
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REEL DIMENSIONS 


1.197 
30.4 ale = 


0.512 + 0.002 
13 + 0.05 


sssois | | 
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ECL Tape-and-Reel Specification 


Application—Total System Saving 


SEMICONDUCTOR 
SUPPLIER 



















a ae 
| | CEES OE 


0 ES 1B >? 
SPILT Fie 





SIMPLIFIED 
DEVICE 
HANDLING 
DURING 
SHIPMENT 


Cost pressures today are forcing many electronics manu- 
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be- 
cause: 

1. The mounting of devices on the PC board surface elimi- 
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re- 
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 

insertion mount components to be assembled on the same 

PC board. 


Ordering Information 


When you order a surface mount semiconductor, it will be in 
one of the 15 available surface mount package types (see 
Section 6 for the physical dimensions of the surface 


Plastic Chip Carrier !C 





ELECTRONIC EQUIPMENT MANUFACTURER 






Small Outline IC SO-24 (Wide) 1000 
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TAPE-AND-REEL IMPROVES THE COST 
SAVINGS OF AUTOMATED ASSEMBLY 
BY REDUCING THE LABOR INVOLVED 
WITH DEVICE HANDLING. 











PICK-AND-PLACE 
MACHINE 









ASSEMBLED 
PC 
BOARDS 







SIMPLIFIED DEVICE HANDLING DURING AUTOMATED ASSEMBLY 
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Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi- 
conductors are carried on a single Tape-and-Reel pack (see 
the ‘Ordering Information” section for the exact quantities). 
With this higher device count per reel (when compared with 
less than 100 devices per rail), pick-and-place machines 
have to be re-loaded less frequently and lower labor costs 
result. 

With Tape-and-Reel, manufacturers save twice—once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship- 
ment and machine set-up. 


mount packages). Specifying the Tape-and-Reel method of 
shipment means that you will receive your devices in the 
following quantities per Tape-and-Reel pack: 


Device Quantity 







Appendix |—Short-Form Procurement Specification 


TAPE FORMAT 
— > Direction of Feed 


|_Traller (Hub End) | Carrier 





Leader (Start End) 
































Empty Cavities, Empty Cavitles, Filled Cavities Empty Cavities, Empty Cavitles, 
min min (Sealed min min 
(Unsealed (Sealed Cover Tape) Sealed (Unsealed 
Cover Tape) Cover Tape) P Cover Tape) Cover Tape) 





SMALL OUTLINE IC 


0-24 (Wide) a (A 


PLASTIC CHIP CARRIER IC 
puecas fe | eT 5 


TAPE DIMENSIONS (24 Millimeter Tape or Less) 








e—— PQ 10 PITCH CUMULATIVE 
TAPE TOLERANCE +0.2mm 





R SMALLEST POSSIBLE 
BENDING RADIUS-(NOTE 2) 
7 





ry Ww 
Ko BO 
DEVICE ORIENTATION 
Te 
| a 1 bd 
e LJ 
C CJ 
OPTION 1 OPTION 2 
$0T-23 SOT-23 S0-IC 
PCC-IC 
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pwtle |r fe |e trol o |] t | a | Be | ko | Om IR 


SMALL OUTLINE IC 


$0.24 (Wide) 50 


PLASTIC CHIP CARRIER IC 


50 


Note 1: Ap, Bo and Kg dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 
Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 105 9/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force). 

Note 5: D; Dimension is centered within cavity. 
















Note 6: All dimensions are in millimeters. 
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Appendix I—Short-Form Procurement Specification (continued) 





REEL DIMENSIONS 


4 
S 
> 
~< 


ECL Tape-and-Reel Specification 









24 mm Tape 






Inches 
Millimeters 


Units: 


Material: Paperboard (Non-Flaking) 
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All dimensions are in inches (millimeters) 


ZA National 


Semiconductor 


14 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J14A 


0.785 
(19.939) 


0.220-0.310 
(5.588-7.874) 


0.290-0.320 0.005 ae 
(7.366-8.128) oe GLASS 0.060 +0.005 (5.080) 
SEALANT (7524 20.127) MAX 9.920-0.060 
(0.508—1.524) 





(2.489) 
MAX BOTH ENDS 0.100 +0.010 0.150 
(2.540 20.254) (3.81) 


MIN J14A (REV G) 


| jo 26° 86°94° TYP . 
10° MAX 0.008-0.012 
0.310-0.410 (0.203-0.305) 
ian 0.098 2 aT ba repo “ a3 0.125-0.200 
(3.175—5.080) 


16 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J16A 


(19.939) 
MAX 


0.220-0.310 
(5.588 — 7.874) 


0.005 — 0.020 
(0.127 — 0.508) 
RAD TYP 


SEALANT 0.200 


0.290~0.320 0.005 0.055 + 0.005 C0?) 
(7.366 — 8.128) ia | (0.127) wan | (1.397 +0.127) 
MIN 
0,008— 0.012, 


0.180 
95° + 5° (0.203 —0.305) 


(4.572) 
0.080 0.018 +0.003 003, | 0.125—0.200 0.020—0.060 
0.310 - 0.410 (2.032) (0.457 +0.076) m0 _ (3.175 —5.080) (0.508 — 1.524) 





" 
MAX 
(7.874 = 10.41) garh 


ENDS 0.100 0.010 7 0.037 + 0.005 


(0.940 + 0.127) 


J16A (REV K) 


(2.540 + 0.254) 





suoIsuaWwig |eoIsAud 





0.030—0.055 


Physical Dimensions 



























(0.762 —1.397) 
RAD TYP 
0.370 
(9.398) 
0.037 + 0.005 
0.005 GLASS 0.055 + 0.005 (0.940+0.127) 0.400 — 0.430 0.180 
(0.127) SEALANT (1.397 £0.127) 0.020 —0.070 (10.16 — 10.92) (4.572) 
Min (0.508 — 1.778) MAX 
(5.715) 
86° 94° 95° +5° 0.008 —0.012 
TyP TYP (0.203 —0.305) 
| | | 0.125 TYP 
0.055 0.100 +0.010 0.018 +0.003 east al (3.175) LL 0.485 + 0.050 | 
(1.397) (2. (2.540£0.254 £0. 254) (0. are £0. 076) MIN (12.32 1.270) 
MAX 
BOTH ENDS ere 
u H 2 
8 Lead (0.150” Wide) Molded Small Outline Package (S) 
NS Package Number M08A 
0.189 —0.197 
(4.800 —5.004) 
B 7 6 5 
0.228—0.244 
(5.791 —6.198) 
0.010 papy 
(0.254) 
teapno.1” 1 2 3 4 rE 
IDENT 30° 
TYP 
0.150 —0.157 
(3.810 —3.988) 
0.010 0.020. 450 ESR 
(0.254 —0.508) ene ; " 0.004 —0.010 
ALL LEADS (0.102 —0.254) 
Wow: = \ ey SEATING 
0.04 A rf A Fue 
1 (0.102) 0.014 
Deore ML LEADTiPs 0.016 0.050 (0358) Cee 
. . 2 . VU, vua, 
TYP ALL LEADS eat lage TYP 0.008 typ —pol| ¢— 
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(0.203) 


MOBA (REV H) 


16 Lead Small Outline Integrated Circuit (S) 


NS Package Number M16A 


0.150 —0.157 
(3.810 — 3.988) 


0.010-0.020 
(0.254—0.508) “ 
8° MAX TYP 
at LEADS 
7 a! ae 0.016 — o- 050 
(0.203 -0.254) 9.016 =0.050_ 
TYP ALL LEADS (0.406 — 1.270) 
0.004 TYP ALL LEADS 
(0.102) 
ALL LEAD TIPS 


0.386 —0.394 
(9.804 — 10.00) 








12 


0.228 0.244 30° 
(5.791 —6.198) TYP 
LEAD NO.1 
IDENT 0.010 may 
(0.254) 
0.053 —0.069 
(1.346 —1.753) 0.004 —0.910 


be 






24 Lead (0.300” Wide) Molded Small Outline Package (S) 


NS Package Number M24B 


0.291 0.299 
(7.391 - 7.594) 
0.017 
(0.432) 
0,009 -0.013 x 45° 


(0.229 —0.330) 


0.030 0.050 
(0.762 — 1.270) 
TYP ALL LEADS 


| 2 sie 


at ean ips 


0.037 - 0.044 
(0.940 — 1.118) 


tS Eat he 4 SEATING 
ian iol a 
20.518, ta | 0.050 re 0.014 0.020 yy, 
(0356) (1.270) 27 (0.356 0-508)" 
0.008 , 
(0. (0.203) MI16A (REV H) 
cleo oe ws POSS SO OI2E 5 oy Se ls 
(15.14 -15.54) 


24 23) «22:0« 21 20 19 18 «1? 16 15 4B 


0.394-0.419 
(10.01 — 10.64) 


LEAD NO. 1 > 
IDENT 








0.027 





(0.686) 


0.093 —0.104 
(2.362 — 2.642) 


0.004—0.012 
4 (8. 102 — 0.305) 


Yt ae sae 


(1.270) (0. bt a 483) 















M24B (REVC: 
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Physical Dimensions 


24 Lead Molded Dual In-Line Package (P) 


1.194-1.214 
[30.33-30.84] 













0.202 


0.035-0.045 
[0.89-1.14] 0.337-0.347 
[8.56-8.81] 
0.125 
13.18] 
0.125-0.135 
[3.18-3.43] 


0.145-0.200 
[3.68-5.08] 
0.020 ' 
MIN 
[0.51] [3.18-3.56] ! 
-o| |.0.047-0.087 
0.050 tp [1.19-1.45] 
[1.27] 
0.015-0.021 | | 0,090-0.110 1, 
(0.38-0.53] |’? (2.29-2.79] 


28 Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 


0.448-0.456 
[11.38-11.58] 
(LEAD 1 IDENT) 
1 26 












0.026-0.032 
TYP 
[0.66-0.81] 


25 


0.013-0.021 rp 
[0.33-0.53] 


19 





"2" 0.050 WE Ae 
[1.27] 
0.300 _. 0.165-0.180 
[7.62] |"? [4.19-4.57] 


HHARER RR AR AAA 


ein sininisisinalh 




















SCT ins 
eel] a= 


Nsisistaistuts/ad) 
0.485-0.495 TYP 
[12.32-12.57] 
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0.390-0.410 
| | [9.91-10.41] 


om 






0.380 
[9.65] 
+0.040 
TYP 0.428 ois 
+1,02] 
0,009-0.015 [10.87 -0.38] 
[0.23-0.38] 
N24E (REV A) 
0.390-0.430 
[9.91-10.92] 


0.020 
> [0.51] MN TP 
YP 


¥28A(REV H) 


16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 


-0.050—0.080_ 
(1.270 —2.032) " ii 
0,004—0.006 0.007 -0.018 


70 102—0.152) "YP (0.178 —0.457) 
TP 


0.300 
(7.620) 
MAX GLASS 


DETAIL A——>> 
PIN NO. 1 


0.026 ~ 0.040 TYP \. 


(0.660 — 1.016) 


24 Lead Quad Cerpak (F) 
NS Package Number W24B 


0.370 


0.250 — 0.360 (9.398) 
(6.350 — 9.144) MIN SQUARE 


PIN NO. 1 


0.016 —0.018 
(0.406 —0.457) 
TYP 


(10.16) 
SQUARE MAX 
GLASS 


0.371 - 0.390 
(9.423—9.906) 


0.050 + 0.005 
(1.270 +0.127) 


~t— 0.000 MIN TYP 


TYP 


0.250—0.370 
(6.350 — 9.398) 


| 
0.245 —0.275 
(6.223 —6.985) 


| 0.008 — 0.012 


(0.203 — 0.305) 


0.250 -0.370 SETAC 
(6.350 — 9.398) 


0.015 —0.019 
(0.381 —0.482) 
TYP W16A (REV H) 


= 0.004 —0.006 
0.250 — 0.360 (0.102 —0.152) 
(6.350 — 9.144) | 


0.075 
(1.905) 
8 PLCS 


MAX 


0.050 + 0.005 
(1.270 + 0.127) 
TYP 


0.035 —0.050 
(0.889 — 1.270) 
0.085 


(2.159) 
MAX 


W24B (REV C) 
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NOTES 
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OY National 
<i Semiconductor 
Bookshelf of Technical Support Information 


National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technica! 
literature. 


This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 


For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1-800-272-9959. 


We are interested in your comments on our technical literature and your suggestions for improvement. 
Please send them to: 


Technical Communications Dept. M/S 16-300 
2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 


ALS/AS LOGIC DATABOOK—1990 


Introduction to Advanced Bipolar Logic ¢ Advanced Low Power Schottky ¢ Advanced Schottky 


ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987 


SSI/MSI Functions ¢ Peripheral Functions « LSI/VLSI Functions ¢ Design Guidelines * Packaging 


CMOS LOGIC DATABOOK—1988 


CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes © MM54HC/MM74HCG 
MM54HCT/MM74HCT ¢ CD4XXX © MM54CXXX/MM74CXXX ¢ Surface Mount 


DATA ACQUISITION LINEAR DEVICES—1989 


Active Filters « Analog Switches/Multiplexers ¢ Analog-to-Digital Converters ¢ Digital-to-Analog Converters 
Sample and Hold « Temperature Sensors © Voltage Regulators * Surface Mount 


DATA ACQUISITION DATABOOK SUPPLEMENT—1992 


New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook. 


DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989 


Selection Guide and Cross Reference Guides ¢ Diodes ¢ Bipolar NPN Transistors 
Bipolar PNP Transistors ¢ JFET Transistors ¢ Surface Mount Products ¢ Pro-Electron Series 
Consumer Series ¢ Power Components ¢ Transistor Datasheets * Process Characteristics 


DRAM MANAGEMENT HANDBOOK—1991 


Dynamic Memory Control ¢ Error Detection and Correction ¢ Microprocessor Applications for the 
DP8408A/09A/17/18/19/28/29 © Microprocessor Applications for the DP8420A/21A/22A 
Microprocessor Applications for the NS32CG821 


EMBEDDED CONTROLLERS DATABOOK—1992 


COP400 Family © COP800 Family ¢ COPS Applications © HPC Family ¢ HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals ¢ Microcontroller Development Tools 


FDDI DATABOOK—1991 


FDDI Overview ¢ DP83200 FDDI Chip Set ¢ Development Support © Application Notes and System Briefs 





F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1992 


Family Overview e 300 Series (Low-Power) Datasheets © 100 Series Datasheets ¢ 11C Datasheets 
Design Guide ¢ Circuit Basics « Logic Design ¢ Transmission Line Concepts * System Considerations 
Power Distribution and Thermal Considerations ¢ Testing Techniques ¢ 300 Series Package Qualification 
Quality Assurance and Reliability ¢ Application Notes 










FACTT™ ADVANCED CMOS LOGIC DATABOOK—1990 


Description and Family Characteristics « Ratings, Specifications and Waveforms 
Design Considerations ¢« 54AC/74ACXXX ¢ 54ACT/74ACTXXX © Quiet Series: 54ACQ/74ACQXXX 
Quiet Series: 54ACTQ/74ACTQXXX © 54FCT/74FCTXXX @ FCTA: 54FCTXXXA/74FCTXXXA 


FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1990 


Circuit Characteristics ¢ Ratings, Specifications and Waveforms ® Design Considerations © 54F/74FXXX 


FAST® APPLICATIONS HANDBOOK—1990 


Reprint of 1987 Fairchild FAST Applications Handbook 

Contains application information on the FAST family: Introduction © Multiplexers e Decoders ¢ Encoders 
Operators ¢ FIFOs ¢ Counters ¢ TTL Small Scale Integration ® Line Driving and System Design 

FAST Characteristics and Testing ¢ Packaging Characteristics 


GENERAL PURPOSE LINEAR DEVICES DATABOOK—1989 


Continuous Voltage Regulators ¢ Switching Voltage Regulators * Operational Amplifiers ¢ Buffers ¢ Voltage Comparators 
Instrumentation Amplifiers ¢ Surface Mount 


IBM DATA COMMUNICATIONS HANDBOOK—1992 


IBM Data Communications © Application Notes 


INTERFACE: LINE DRIVERS AND RECEIVERS DATABOOK—1992 


EIA-232 © ElA-422/423 © EIA-485 @ Line Drivers © Receivers ¢ Repeaters ¢ Transceivers ¢ Application Notes 


LINEAR APPLICATIONS HANDBOOK—1991 


The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 


Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 


LOCAL AREA NETWORK DATABOOK—1992 


Integrated Ethernet Network Interface Controller Products ¢ Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products « Hardware and Software Support Products ¢ FDD! Products ¢ Glossary 


LOW VOLTAGE DATABOOK—1992 


This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 


MASS STORAGE HANDBOOK—1989 


Rigid Disk Pulse Detectors ¢ Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Disk Data Controller ¢ SCSI Bus Interface Circuits ¢ Floppy Disk Controllers ¢ Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits ¢ Rigid Disk Microcontroller Circuits ¢ Disk Interface Design Guide 


MEMORY DATABOOK—1992 


CMOS EPROMs ¢ CMOS EEPROMs ¢ PROMs ® Application Notes 


PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE—1990 


Product Line Overview ® Datasheets ¢ Design Guide: Designing with PLDs ¢ PLD Design Methodology 
PLD Design Development Tools ® Fabrication of Programmable Logic © Application Examples 


REAL TIME CLOCK HANDBOOK—1991 


Real Time Clocks and Timer Clock Peripherals ¢ Application Notes 












RELIABILITY HANDBOOK—1987 


Reliability and the Die e Internal Construction ¢ Finished Package ¢ MIL-STD-883 ¢ MIL-M-38510 

The Specification Development Process ¢ Reliability and the Hybrid Device e VLSI/VHSIC Devices 
Radiation Environment ¢ Electrostatic Discharge * Discrete Device « Standardization 

Quality Assurance and Reliability Engineering ¢ Reliability and Documentation e Commercial Grade Device 
European Reliability Programs ¢ Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor ¢ The Total Military/Aerospace Standardization Program 
883B/RETS™ Products ¢ MILS/RETS™ Products ® 883/RETS™ Hybrids ¢ MIL-M-38510 Class B Products 
Radiation Hardened Technology * Wafer Fabrication * Semiconductor Assembly and Packaging 
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies e AN/ Numbers and Acronyms 
Bibliography ¢ MIL-M-38510 and DESC Drawing Cross Listing 


SPECIAL PURPOSE LINEAR DEVICES DATABOOK—1989 


Audio Circuits ¢ Radio Circuits © Video Circuits ¢ Motion Control Circuits © Special Function Circuits 
Surface Mount 


TELECOMMUNICATIONS—1992 


COMBO and SLIC Devices ¢ ISDN ¢ Digital Loop Devices ¢ Analog Telephone Components © Software 
Application Notes 





NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 


ALABAMA 
Huntsville 

Hamilton/Avnet 
(205) 837-7210 
Pioneer Technology 
(205) 837-9300 
Time Electronics 
(205) 721-1133 


ARIZONA 

Chandler 
Hamilton/Avnet 
(602) 961-1211 

Tempe 
Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-7800 
Time Electronics 
(602) 967-2000 


CALIFORNIA 
Agora Hills 
Bell Industries 
(818) 706-2608 
Time Electronics 
(818) 707-2890 
Zeus Components 
(818) 889-3838 
Burbank 
Elmo Semiconductor 
(818) 768-7400 
Calabasas 
F/X Electronics 
(818) 591-9220 
Chatsworth 
Anthem Electronics 
(818) 775-1333 
Time Electronics 
(818) 998-7200 
Costa Mesa 
Hamilton Electro Sales 
(714) 641-4100 
Cypress 
Bell Industries 
(714) 895-7801 
Gardena 
Hamilton/Avnet 
(213) 516-8600 
Irvine 
Anthem Electronics 
(714) 768-4444 
Rocklin 
Anthem Electronics 
(916) 624-9744 
Bell Industries 
(916) 652-0414 
Roseville 
Hamilton/Avnet 
(916) 925-2216 
San Diego 
Anthem Electronics 
(619) 453-9005 
Hamilton/Avnet 
(619) 571-1900 
Time Electronics 
(619) 586-0129 
San Jose 
Anthem Electronics 
(408) 453-1200 
Pioneer Technology 
(408) 954-9100 
Zeus Components 
(408) 629-4789 


Sunnyvale 
Bell Industries 
(408) 734-8570 
Hamilton/Avnet 
(408) 743-3300 
Time Electronics 
(408) 734-9888 
Torrance 
Time Electronics 
(213) 320-0880 
Tustin 
Time Electronics 
(714) 669-0100 
Woodland Hills 
Hamilton/Avnet 
(818) 594-0404 
Yorba Linda 
Zeus Components 
(714) 921-9000 


COLORADO 

Denver 
Bell Industries 
(303) 691-9010 

Englewood 
Anthem Electronics 
(303) 790-4500 
Hamilton/Avnet 
(303) 799-7800 
Time Electronics 
(303) 721-8882 


CONNECTICUT 
Danbury 
Hamilton/Avnet 
(203) 743-6077 
Shelton 
Pioneer Standard 
{203) 929-5600 
Waterbury 
Anthem Electronics 
(203) 575-1575 


FLORIDA 

Altamonte Springs 
Bell Industries 
(407) 339-0078 
Pioneer Technology 
(407) 834-9090 
Zeus Components 
(407) 788-9100 

Deerfield Beach 
Bell Industries 
(305) 421-1997 
Pioneer Technology 
(305) 428-8877 

Fort Lauderdale 
Hamilton/Avnet 
(305) 767-6377 
Time Electronics 
(305) 484-1778 

Orlando 
Chip Supply 
(407) 298-7100 
Time Electronics 
(407) 841-6565 

St. Petersburg 
Hamilton/Avnet 
(813) 572-4329 

Winter Park 
Hamilton/Avnet 
(407) 657-3300 


GEORGIA 
Duluth 
Hamilton/Avnet 
(404) 446-0611 
Pioneer Technology 
(404) 623-1003 


Norcross 
Bell Industries 
(404) 662-0923 
Time Electronics 
(404) 368-0969 


ILLINOIS 

Addison 
Pioneer Electronics 
(708) 495-9680 

Bensenville 
Hamilton/Avnet 
(708) 860-7700 

Elk Grove Village 
Bell Industries 
(708) 640-1910 

Schaumburg 
Anthem Electronics 
(708) 884-0200 
Time Electronics 
(708) 303-3000 


INDIANA 

Carmel 
Hamilton/Avnet 
(317) 844-9333 

Fort Wayne 
Bell Industries 
(219) 423-3422 

Indianapolis 


Advent Electronics Inc. 


(317) 872-4910 
Bell Industries 
(317) 875-8200 
Pioneer Standard 
(317) 573-0880 


IOWA 
Cedar Rapids 
Advent Electronics 
(319) 363-0221 
Hamilton/Avnet 
(319) 362-4757 


KANSAS 

Lenexa 
Hamilton/Avnet 
(913) 888-8900 


MARYLAND 

Columbia 
Anthem Electronics 
(301) 995-6840 
Time Electronics 
(301) 964-3090 
Zeus Components 
(301) 997-1118 

Gaithersburg 
Pioneer Technology 
{301} 921-0660 


MASSACHUSETTS 
Andover 
Bell Industries 
(508) 474-8880 
Beverly 
Sertech Laboratories 
(508) 927-5820 
Lexington 
Pioneer Standard 
(617) 861-9200 
Norwood 
Gerber Electronics 
(617) 769-6000 
Peabody 
Hamilton/Avnet 
(508) 531-7430 
Time Electronics 
(508) 532-9900 


Tyngsboro 
Port Electronics 
(508) 649-4880 
Wakefield 
Zeus Components 
(617) 246-8200 
Wilmington 
Anthem Electronics 
(508) 657-5170 


MICHIGAN 
Grand Rapids 
Pioneer Standard 
(616) 698-1800 
Grandville 
Hamilton/Avnet 
(616) 243-8805 
Livonia 
Pioneer Standard 
(313) 525-1800 
Novi 
Hamilton/Avnet 
(313) 347-4720 
Wyoming 
R. M. Electronics, Inc. 
(616) 531-9300 


MINNESOTA 

Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Pioneer Standard 
(612) 944-3355 

Edina 
Time Electronics 
(612) 943-2433 

Minnetonka 
Hamilton/Avnet 
(612) 932-0600 


MISSOURI 
Chestertield 
Hamilton/Avnet 
(314) 537-1600 
St. Louis 
Time Electronics 
(314) 391-6444 


NEW JERSEY 
Cherry Hill 
Hamilton/Avnet 
(609) 424-0100 
Fairfield 
Hamilton/Avnet 
(201) 575-3390 
Pioneer Standard 
(201) 575-3510 
Marlton 
Time Electronics 
(609) 596-6700 
Pine Brook 
Anthem Electronics 
(201) 227-7960 
Wayne 
Time Electronics 
(201) 785-8250 


NEW MEXICO 
Albuquerque 

Alliance Electronics Inc. 
(505) 292-3360 
Bell Industries 
(505) 292-2700 
Hamilton/Avnet 
(505) 345-0001 





NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued) 





NEW YORK 
Binghamton 
Pioneer 
(607) 722-9300 
Buffalo 
Summit Electronics 
(716) 887-2800 
Commack 
Anthem Electronics 
(516) 864-6600 
Fairport 
Pioneer Standard 
(716) 381-7070 
Hauppauge 
Hamilton/Avnet 
(516) 231-9444 
Time Electronics 
(516) 273-0100 
Port Chester 
Zeus Components 
(914) 937-7400 
Rochester 
Hamilton/Avnet 
(716) 292-0730 
Summit Electronics 
(716) 334-8110 
Ronkonkoma 
Zeus Components 
(516) 737-4500 
Syracuse 
Hamilton/Avnet 
(315) 437-2641 
Time Electronics 
(315) 432-0355 
Westbury 


Hamilton/Avnet Export Div. 


(516) 997-6868 
Woodbury 

Pioneer Electronics 

(516) 921-8700 


NORTH CAROLINA 
Charlotte 
Hamilton/Avnet 
(704) 527-2485 
Pioneer Technology 
(704) 527-8188 
Durham 
Pioneer Technology 
(919) 544-5400 
Morrisville 
Pioneer Technology 
(919) 460-1530 
Raleigh 
Hamilton/Avnet 
(919) 878-0810 
Time Electronics 
(919) 874-9650 
OHIO 
Cleveland 
Pioneer 
(216) 587-3600 


Columbus 
Time Electronics 
(614) 794-3301 

Dayton 
Bell Industries 
(513) 435-8660 
Bell Industries-Military 
(513) 434-8231 
Hamilton/Avnet 
(513) 439-6700 
Pioneer Standard 
(513) 236-9900 
Zeus Components 
(513) 293-6162 

Solon 
Hamilton/Avnet 
(216) 349-5100 


OKLAHOMA 
Tulsa 

Hamilton/Avnet 
(918) 664-0444 
Pioneer Standard 
(918) 665-7840 
Radio Inc. 
(918) 587-9123 


OREGON 
Beaverton 
Anthem Electronics 
(503) 643-1114 
Hamilton/Avnet 
(503) 627-0201 
Lake Oswego 
Bell Industries 
(503) 635-6500 
Portland 
Time Electronics 
(503) 684-3780 


PENNSYLVANIA 
Horsham 
Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 
Mars 
Hamilton/Avnet 
(412) 281-4150 
Pittsburgh 
Pioneer 
(412) 782-2300 
TEXAS 
Austin 
Hamilton/Avnet 
(512) 837-8911 


Minco Technology Labs. 


(512) 834-2022 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 346-7346 


Dallas 
Hamilton/Avnet 
(214) 308-8111 
Pioneer Standard 
(214) 386-7300 

Houston 
Hamilton/Avnet 
(713) 240-7733 
Pioneer Standard 
(713) 495-4700 

Richardson 
Anthem Electronics 
(214) 238-7100 
Time Electronics 
(214) 644-4644 
Zeus Components 
(214) 783-7010 


UTAH 

Midvale 
Bell Industries 
(801) 255-9611 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Hamilton/Avnet 
(801) 972-2800 

West Valley 
Time Electronics 
(801) 973-8494 


WASHINGTON 
Bothell 
Anthem Electronics 
(206) 483-1700 
Kirkland 
Time Electronics 
(206) 820-1525 
Redmond 
Bell Industries 
(206) 867-5410 
Hamilton/Avnet 
(206) 241-8555 


WISCONSIN 
Brookfield 
Pioneer Electronics 
(414) 784-3480 
Mequon 
Taylor Electric 
(414) 241-4321 
Waukesha 
Bell Industries 
(414) 547-8879 
Hamilton/Avnet 
(414) 784-8205 


CANADA 
WESTERN PROVINCES 
Burnaby 
Hamilton/Avnet 
(604) 420-4101 
Semad Electronics 
(604) 420-9889 


Calgary 

Electro Sonic Inc. 

(403) 255-9550 

Semad Electronics 

(403) 252-5664 

Zentronics 

(403) 295-8838 
Edmonton 

Zentronics 

(403) 468-9306 
Markham 

Semad Electronics Ltd. 

(416) 475-3922 
Richmond 

Electro Sonic Inc. 

(604) 273-2911 

Zentronics 

(604) 273-5575 
Saskatoon 

Zentronics 

(306) 955-2207 
Winnipeg 

Zentronics 

(204) 694-1957 


EASTERN PROVINCES 
Mississauga 
Hamilton/Avnet 
(416) 795-3825 
Time Electronics 
(416) 672-5300 
Zentronics 
(416) 564-9600 
Nepean 
Hamilton/Avnet 
(613) 226-1700 
Zentronics 
(613) 226-8840 
Ottawa 
Electro Sonic Inc. 
(613) 728-8333 
Semad Electronics 
(613) 727-8325 
Pointe Claire 
Semad Electronics 
(514) 694-0860 
St. Laurent 
Hamilton/Avnet 
(514) 335-1000 
Zentronics 
(514) 737-9700 
Willowdale 
ElectroSonic Inc. 
(416) 494-1666 
Winnipeg 
Electro Sonic Inc. 
(204) 783-3105 
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National Semiconductor Corporation 

2900 Semiconductor Drive 

P.O. Box 58090 : 
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Center at 1-800-272-9959. 


SALES OFFICES 


CANADA 


National Semiconductor 
5925 Airport Rd. 

Suite 615 

Missisauga, Ontario L4V1W1 
Tel: (416) 678-2920 

Fax: (416) 678-2535 


PUERTO RICO 


National Semiconductor 

La Electronica Bldg. 

Suite 312, R.D. #1,km 14.5 
Rio Piedras, Puerto Rico 00927 
Tel: (809) 758-9211 

Fax: (809) 763-6959 


- INTERNATIONAL 
OFFICES 


National Semiconductor 
(Australia) Pty, Ltd. 

16 Business Park Dr. 
Notting Hill, VIC 3168 
Australia 

Tel: (3) 558-9999 

Fax: (3) 558-9998 


National Semiconductor 
(Australia) Pty, Ltd. 
Suite #4, Level 5 

3 Thomas Holt Drive 
North Ryde, N.S.W. 2113 
Sydney, Australia 

Tel: (02) 887-4355 

Telex: AA 27173 

Fax: (02) 805-0298 


National Semiconductores 
Do Brazil Ltda. 

Av. Brig. Faria Lima, 1409 

6 Andar 

Cep-01451, Paulistano, 

Sao Paulo, SP 

Brazil 

Tel: (65-11) 212-5066 

Telex: 391-1131931 NSBR BR 
Fax: (55-11) 212-1181 
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